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PROPRIOCEPTIVE INNERVATION OF STRIATED 
MUSCLES IN THE TERRITORY OF 
CRANIAL NERVES 


Hrrosu1 Hosoxawa* 


It is generally accepted that the skeletal muscles are supplied 
not only with motor and autonomic innervation but also with 
sensory nerves, which, by transmitting proprioceptive sensation, 
play an important role in the mechanism of the stretch-reflex. As 
regards the morphological aspects of proprioception, the structure 
of muscle and tendon spindles, representing the principal pro- 
prioceptive nerve endings, have been clearly presented, the pe- 
ripheral course of their nerve fibers examined, their ganglion 
cells located in the spinal ganglia, their central processes traced 
through the dorsal roots into the spinal cord, and their central 
connections have been shown to pass through the dorsal fascicu- 
lus and medial lemniscus to the thalamus and further to the 
general sensory area of the cerebral cortex. 

On the other hand, our knowledge about sensory innervation 
of striated muscles in the territory of cranial nerves is, excepting 
in some muscles, so poor that we are not even sure whether or 
not these muscles are really supplied with afferent innervation. 

There are several reasons for the delay of knowledge in the 
cranial nerve regions. 

1) In general no typical sensory nerve endings are developed 
in the muscles in question. Typical muscle and tendon spindles 
are often absent and only atypical, rather primitive types of end- 
ings are found, which are variant in shape from one animal to 
another. 

2) Since the cranial nerves are not separated into the ventral 
and dorsal roots, the proof of nature of nerve endings by cutting 
the motor or sensory component separately is not possible. 

3) The fact that the autonomic component, which forms a some- 
what independent sympathetic trunk in the spinal region, is more 
intimately mixed in cranial nerves, makes the situation more 
confused. 


_* From the Department of Anatomy, University of Tokyo School of Medi 
cine, Hongo, Tokyo, Japan. Submitted for publication April 10, 1961. 
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4) The branching and anastomosis in the peripheral course of 
cranial nerves are so variable among different species of animals, 
that the results obtained in one animal do not necessarily apply 
in other animals. 

5) As seen in the case of the mesencephalic nucleus of tri- 
geminal nerve, the sensory nerve cells of cranial nerves are not 
necessarily located outside the brain stem. Therefore, even when 
the severance of the root of one nerve results in the complete 
degeration of all nerve endings in one muscle, it does not always 
prove the lack of sensory endings in that muscle. 

6) Further, there is a possibility that the striated muscles in 
the territory of cranial nerves are originally poor in propriocep- 
tive function. If so, we are, in addition to above mentioned diffi- 
culties, faced with the difficulty of searching for receptors which 
are quantitatively scarce. 

Some authors insist that proprioception has an important 
physiological meaning only in those muscles which support the 
body weight against the gravity. Others explain that the pro- 
prioceptive function is substituted in the cranial nerves by other 
kinds of sensation such as vision for the eye muscles, audition 
for the tympanic muscles, gustatory or tactile sensation for the 
masticatory and tongue muscles. 

But in the eye muscles, which had been regarded for a long 
time as lacking in muscle spindles, many spindles have been 
recently found and described. Also the masticatory muscles are 
well known to be furnished with distinct afferent innervation. 
So it is clear that previous work and opinions are not always 
trustworthy. 

We need many more studies and knowledge about the afferent 
innervation of the muscles in the territory of cranial nerves. In 
the following, previous works will be reviewed and discussed, in 
order to make them useful for future advancement.’ 


I. Sensory Innervation of the Extrinsic Eye Muscles 


According to Sherrington (1918), who attached great impor- 
tance to the proprioception of eye muscles, the stereovisual sen- 
sation is completed only by co-operation between vision in the 
retina, audition in the labyrinth, and proprioception in the 

1 Among many books of neuroanatomy referring more or less to the pro- 


prioc eption problem of cranial nerves, Brodal’s “Neurological Anatomy” 
(48) presented a pertinent and comprehensive survey of the literature. 
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extrinsic eye muscles. But the human ocular muscles were re- 
garded for a long time as lacking in sensory innervation, for it 
was general opinion that those muscles were not provided with 
muscle and tendon spindles. Also the supposition that the visual 
sensation might substitute for proprioception of the eye muscles 
undoubtedly helped this general conception to grow. 

As mentioned above, many muscle spindles were recently 
found in the human extrinsic eye muscles and the former general 
opinion was jeopardized. Now that the sensory endings have been 
demonstrated, the peripheral course of nerve fibers, the location 
of ganglion cells, and the central connecting paths should be ex- 
amined and determined. However, there is still no agreement as 
to answers to these questions. 


1. Sensory nerve endings in the extrinsic eye muscles. 


Apart from sensory nerve endings in the skeletal muscles in 
general, which have been studied by many authors with various 
kinds of staining methods and classified into many types, those 
endings reported in the ocular muscles of man and animals may 
be classified into following groups: 

(a) Muscle spindle or neuromuscular spindle 

The muscle spindle, of which the structure and function have 
been studied by Kiihne (1863-a, b; 1864), Kerschner (1888-a, 
b; 1893), Ruffini (1897, 1898), Sherrington (1894), Huber & 
DeWitt (1898), Dogiel (1902), Tello (1922), Hines (1927), 
Hinsey (1927), Barker (1948), Tiegs (1953), Seto (1957), Boyd 
(1958), etc., represents the most typical sensory end apparatus 
common in striated muscles of all vertebrates higher than fishes. 
Electron microscopic structure of the spindle in the rat’s lumbri- 
cal muscle was recently studied by Merrillees (1960). 

In man there were several muscles which were regarded as 
lacking in spindles. Those exceptional muscles comprise the ex- 
trinsic eye muscles, facial and auricular muscles, pharyngeal and 
laryngeal muscles, muscles of oesophagues, diaphragma, m. 
styloglossus, m. digastricus, masticatory muscles, m. ishiocaver- 
nosus and m. bulbocavernosus. It is probably noteworthy that 
the majority of these muscles belong to the territory of cranial 
nerves. 

As regards the human extrinsic eye muscles, Batten (1897). 
Baum (1900) and many other authors looked for muscle spindles 
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in vain and concluded that they were absent in those muscles, 
In the eye muscles of animals, a few authors such as Crevatin 
(1901) and Dogiel (1906-b) reported the presence of spindle-like 
structures. Then Cilimbaris (1910) described the detailed struc- 
ture of muscle spindles in the sheep’s eye muscles, and further 
ascertained by comparative anatomical study that the spindles 
are present in the eye muscles of the deer, sheep, goat, ox and 
wild boar, while they are absent in the horse, pig, dog, cat, fox, 
rabbit and rat. But according to Sutton (1915), who studied the 
development of muscle spindles in the pig’s eye muscles, spiral 
nerve endings were observed in this animal near the end of fetal 
life. 

Then, rather unexpectedly, muscle spindles or spindle-like 
structures were found also in the human eye muscles by Daniel 
(1946) and Sunderland (1949), as well as by Cooper and Daniel 
(1949). Thereafter many authors obtained the same result (Mer- 
rillees, Sunderland & Hayhow, 1950; Wolter, 1952, 1953, 1955; 
Cooper, Daniel & Whitteridge, 1955; Voss, 1957; Okamoto, 1957; 
Inoue, 1958; Wolff, 1958, etc.). According to these authors, 
muscle spindles in the human eye muscles measure 500-1000» 
in length, 50-100, in thickness, and the average number of intra- 
fusal fibers of Weissmann, which measure some 10—20, in thick- 
ness, is four to five. As the total-number of spindles in each 
muscle is from 30 to 70, which is considerable, it is rather diffi- 
cult to understand how they had escaped the keen search of 
previous authors. It might have been, so to say, a kind of the 
blind-spot phenomenon. 

Noteworthily several Japanese authors reported muscle 
spindles in the human eye muscles previously (Adachi, 1911; 
Hamada. 1928; Yokomatsu, 1932). (Adachi was cited from 
Kiyono, 1911). In this relation the work of Hatano (1925) and 
Nakayama (1911) should be remembered, too. Hatano found a 
spindle in both the ishiocavernosus and bulbocavernosus muscles, 
while Nakayama described spindles in the laryngeal and oesoph- 
ageal muscles. Also the paper of Siemerling (1888) noted here, 
who incidentally described spindle-like structures in an atrophic 
human inferior rectus muscle, which was compressed by a 
gumma. 

Nerve terminations in the muscle spindle in general were 
classified by Ruffini (1898) into three types, the annulo-spiral 
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ending (terminaison annulo-spirales), flower-spray ending (ter- 
minaison en forme de flours) and the plate-like ending (ter- 
minaison en plaques). The former two types of ending are sup- 
plied by thick nerve fibers (8-fibers of A group) and are thought 
to be sensory, while the last one receives thin fibers (y-fiber of 
A group) and regarded as motor in nature. 

Concerning the location within the spindle, the annulo-spiral 
ending lies in the middle portion and the flower-spray endings 
are on one or both sides of the former, whereas the plate-like 
endings are found near the extremities of the spindle. Recently 
the functional differentiation among these different types of 
nerve endings were subjected to studies by physiologists (Waka- 
bayashi, 1958; Hongo, et al. 1959; Shimazu, 1959, etc.). 

In the muscle spindles of sheep’s eye muscles Cilimbaris 
(1910) identified sensory and motor endings also, and the pres- 
ent author obtained similar results in the spindles of goat’s eye 
muscles (Fig. 1). In the human ocular muscles, however, there 





* — 
. .* 
— 
‘ > . doe 


Fic. 1. Muscle spindle, isolated from the extrinsic eye muscle of goat. Gold 
chloride stain. (Hosokawa) 


are often such atypical muscle spindles which are supplied only 
with the annulo-spiral endings. They were found for the first 
time by Daniel (1946) and were dscribed as “spiral nerve end- 
ings.” According to Okamoto (1957), these spiral endings usu- 
ally entwine around a single muscle fiber which is almost of the 
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same size as ordinary, extrafusal fibers, and the connective tissue 
capsule is very often absent. So, strictly speaking, they may not 
be called ‘muscle spindle,’ representing rather a simple or prim- 
itive type of sensory end apparatus. Needless to say, besides the 
spiral endings, typical muscle spindles have been also found in 
the human eye muscles. 

Muscle spindles are said to be located mainly in the proximal 
and distal one-third of each eye muscle, while they are rarely 
found in the middle part (Merrillees, Sunderland & Hayhow, 
1950; Voss, 1957). According to Inoue (1958), however, there 
are a considerable number of typical spindles also in the middle 
one-third (Fig. 2, Table 1). Cooper, Daniel and Whitteridge 


TABLE 1 


Distribution of muscle spindles in the human extrinsic eye muscles 











(Inoue, *58) 
Proximal Transition Middle Transition Distal Total 
one-third zone one-third zone one-third number 
M. rectus superior 26 7 11 4 19 67 
M. rectus inferior 27 a 11 0 6 48 
M. rectus medialis 22 1 12 0 12 47 
M. rectus lateralis 13 0 10 0 8 31 
M. obliquus superior 15 0 9 + 13 41 
M. obliquus inferior 13 1 6 0 6 26 
M. rectus 
lateralis (suppl.) 7 1 5 0 7 20 





(1955) showed diagrammatically the distribution of various 
kinds of sensory endings in the human rectus oculi muscle 
(Fig. 3). According to them, the muscle spindles are mainly 
located in the proximal one-third, while the motor end-plates 
occupy the middle one-third. Spiral endings are distributed 
mainly in the area just distal to the zone of motor plates. 


(b) Tendon spindle or neurotendinal organ of Golgi 

Golgi, the discoverer of the tendon spindle or “‘organo nervoso 
terminale musculo-tendineo” (1800-b, 1894-a), ascertained that 
this organ is widely distributed in the muscles of vertebrates 
higher than fishes. He noticed also that the tendon spindle is 
absent in the eye muscles. 
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Rectus sup. 
























Obliquus sup. 
a 


Obliquus inf. 


Rectus lat. 
( suppl. ) 


Fig. 2. Distribution of muscle spindles in the human extrinsic eye muscles. 
(Inoue, 1958) 


Although some authors such as Marchi (1882), Huber (1900), 
Crevatin (1901) and Dogiel (1906-b) mentioned tendon spindles 
in the eye muscles, they were mostly not typical spindles but 
were merely spindle-like nerve terminations found in the mus- 
culo-tendinous transition zone. 

A typical tendon spindle is represented by complicated arbo- 
real branching of fairly thick nerve fibers located in a swelling 
of fused tendon fibers (Huber & DeWitt, 1900). The terminals 
of nerve fibers usually show leaf-like enlargements (Fig. 4). The 
spindle is enclosed in a conective tissue capsule, which is well 
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Fic. 3. Diagram to show the distribution of sensory nerve endings in the 
human rectus oculi muscle. (Cooper, Daniel & Witteridge, 1955) The muscle 
spindles are most numerous in the proximal third of the muscle, while most 
of the motor nerve endings are in the middle third. The simple spiral endings 
are located just distal to the zone of motor endings. The tendon endings are 
seen in both the origin and insertion of the muscle. 














ee, 


Fic. 4. Nerve terminations in the tendon spindle. A flexor muscle of cat’s 
fore limb. Gold chloride stain. (Hosokawa) 


developed in birds and mammals. In the amphibia and reptilia, 
however, the connective tissue sheath is thin and often absent. 

Typical tendon spindles found in the eye muscles were re- 
ported only by Dogiel (1906-b), in the ox. Spindle-like structures 
described by Huber (1900), et al. are formed in such a way that 
thick nerve fibers run toward the tendon and, taking a recurrent 
course at the transition zone, and ramifying into branchlets, sur- 
round each tendon or muscle fiber in a palisade fashion. Al- 
though Huber (1900) mentioned thin connective tissue sheaths, 
no other author referred to them. 
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It is noteworthy that these atypical tendon spindle-like nerve 
terminations are fairly widely distributed in the eye muscles of 
man and animals such as the monkey, dog, cat, horse, pig, rabbit, 
etc., though they are absent in the m. retractor bulbi, the striated 
muscle common in the animal orbit. 

Judging from the shape of nerve terminals, it is agreed that 
they are receptors for afferent impulses. Sherrington (1897) as 
well as Tozer and Sherrington (1910) regarded them as substi- 
tutors for muscle spindles, which were thought to be absent in 
the eye muscles, and used them as the guide to determine the 
peripheral course of sensory nerve fibers (see below). 

According to Hinsey (1927), Giacomini (1898) described 
basket-like nerve endings (terminaison en panier) surrounding 
the ends of muscle fibers of fishes and urodeles and regarded 
them as sensory end apparatus more primitive than the muscle 
or tendon spindle. It is likely that these “terminaison en panier”’ 
have some community with the atypical tendon spindles of the 
eye muscles. 


(c) Grape-like ending 

Nerve terminations of this category which have been called 
by various names such as “terminaison en grappe” (Tschiriew. 
1879), “doldenférmige Endigung” (Bremer, 1882, 1883), “ter- 
minazioni a grappolo” (Ciaccio, 1891; Giacomini, 1898, etc.), 
“atypische motorische Endiguny” (Retzius, 1892), “trauben- 
formige Endigungen,” etc. are not represented by a single type 
but comprise a group of nerve terminals with shapes of consider- 
able variation. They were originally described by Tschiriew 
(1879) in the muscles of a reptile (Tropidonotus natrix) and 
regarded as young, immature form of the motor end plates. He 
called them “terminaison en grappe,” because their shape re- 
minded of a bunch of unripe grapes, of which each fruit is small 
and apart from each other. When they were mature, he probably 
thought, the whole bunch would be filled with large fruits, re- 
sulting in the typical motor end-plate. According to this interpre- 
tation, it is natural that there are sometimes transitional forms 
which are rather difficult to discriminate from the typical motor 
plates. 

Retzius (1892) saw similar nerve endings in the rabbit’s eye 
muscles and took them, instead of immature forms, for atypical 
motor endings (Fig. 5). Some others thought also that they might 
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Fic. 5. So-called “atypical motor endings” of Retzius. (Retzius, 1892) 
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be motor in nature (Ciaccio, 1891; Thanhoffer, 1892; Perroncito, 
1902; Garven, 1925; Cogan, 1948, etc.). 

When the characteristic separation of each terminal branchlet 
of the grape-like ending is accented, we obtain various modes of 
nerve termination, some of which resemble very much the 
flower-spray ending in the muscle spindle or the nerve terminals 
in the tendon spindle (Fig. 6). So it is reasonable that some 
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Fic. 6. Sensory nerve endings in the extraocular muscle fiber of rabbit (a) 
and kitten (b) representing extremely dissociated grape-like endings. Meth- 
ylene blue supravital stain. Arrows show the distal direction. (Hosokawa) 


authors took them for sensory endings (Bremer, 1882, 1883; 
Kerschner, 1888; Giacomini, 1898; Huber, 1899; Dogiel, 1906; 
Kulchitsky, 1925; Hinsey, 1927; Woollard, 1931; Hines, 1931, 
etc.). 

It is easy to understand, therefore, why grape-like ending has 
been used as a collective noun to comprise all the atypical nerve 
endings except the typical motor or sensory ones. It is probable 
that some grape-like endings are motor and others sensory, while 
there are still others which may be, as Boeke (1927) said, 
autonomic in nature. 

It is seldom easy to decide morphologically the nature of nerve 
endings in the muscle. It is stated that: while motor endings are 
located under the sarcolemma (hypolemmal) and the sole plate 
(Doyer’s hillock) is formed by the accumulation of granular sub- 
stance, sensory endings are situated on the sarcolemma (epilem- 
mal) and lack in the sole plate. Judgment of the individual 
ending is, however, often very difficult. Histochemical differenti- 
ation between the motor and sensory nerve endings would be 
highly evaluated, if some adequate method is devised. 
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(d) Sensory endings in the interstitial connective tissue 


There have been reported several kinds of sensory endings in 
the interstitium of striated muscles. First of all, Sherrington 
(1894) mentioned ‘free endings” in the muscle, the existence 
of which has not been confirmed yet. Dogiel (1906) described 
tree-like branching (‘‘baumférmige Verzweigungen”’) in the eye 
muscles of man and animals. Afterwards Kulchitsky (1924) also 
referred to similar structures. Since they did not mention a con- 
nective tissue capsule, it is uncertain whether those endings were 
naked or furnished with the capsule. 

Concerning a sensory end apparatus enclosed by the connec- 
tive tissue capsule, the following items are to be mentioned. 


(i) Pacinian corpuscles. Lamellar corpuscles of Vater-Pacini 
have been reported by several authors in the interstitium of 
striated muscles (Golgi, 1880; Kerschner, 1888; Cattaneo, 1888; 
Ruffini, 1897; Horsley( 1897; Stohr, 1928; Azuma, 1951). The 
author has seen them in the tendon of a flexor muscle of the 
cat’s fore limb (Fig. 7). However, nobody has encountered this 
apparatus in the eye muscles. 


(ii) Corpuscles of Golgi-Mazzoni. Lamellar corpuscles of 
smaller size found for the first time by Mazzoni (1890) were 
described by Dogiel (1906) in the eye muscles of man and ani- 
mals. Furthermore, Shimada (1956) and Nozaki (1956) ob- 
served a sensory end apparatus of this kind in the muscles of 
lower extremity of the human fetus. 


(iii) Corpuscles of Ruffini. This kind of sensory organ dis- 
covered by Ruffini (1894), although encountered in the ordinary 
muscles and tendons, has not yet been described in the eye 
muscles. 


(iv) Others. According to Wolter (1955), who studied the 
sensory nerve endings in the human eye muscles by means of 
silver technique, sensory nerve terminations in the interstitium 
are classified into following types: flower-bud-like endplates. 
arboreal terminations, brush-like end structures, sensory spools, 
and sensory end-bulbs. Very often clusters of cells or nuclei were 
found around the nerve terminals, and all of those endings were 
enclosed by connective tissue capsules. Several authors men- 
tioned terminal boutons on the blood vessels in the interstitium. 
They probably represent the autonomic end apparatus. 
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Fic. 7. Tendon spindle and Pacinian corpuscle-like end-organs. Cat’s fore 
limb. Gold chloride stain. (Hosokawa) 


2. Peripheral course of nerve fibers for transmitting afferent 
impulses from the extrinsic eye muscles. 

It is quite reasonable to assume that the first branch of the 

trigeminal nerve, n. ophthalmicus, may be responsible for trans 
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mitting the proprioceptive sensation of the extrinsic eye muscles, 
because all the other nerves concerned, such as the third, fourth 
and sixth nerves, are thought to be purely efferent in nature. 
Furthermore, the anastomoses between the ophthalmic nerve 
and those efferent nerves in the depth of the orbit make it prob- 
able that proprioceptive fibers, which originally belong to the 
ophthalmic nerve, run through these anastomoses into the third, 
fourth, or sixth nerve so as to supply the muscles together with 
motor fibers. 

These anastomoses were described by Schwalbe (1881), Stibbe 
(1929), Sinclair (1958) and others in human specimens (Fig. 
8). They are located usually around the superior orbital fissure 








GOL" 


G]. lacrimalis---47 54/7, 


it---- N. frontalis 
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Fic. 8. An anastomosis between the trigeminal and trochlear nerve roots 
of man. (x ). (Hosokawa) 


or even in the walls of the cavernous sinus, although they are not 
constant, especially those going to the fourth or sixth nerve. As 
regards other mammals, Kiss (1935) reported similar anasto- 
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moses in the antelope, and Omoto (1959) demonstrated a com- 
munication between the frontal and trochlear nerve in the rabbit. 

According to Winckler (1937, 1956), who studied the pig, 
sheep, goat, ox, rabbit, deer, etc., each rectus and oblique muscle 
receives, in addition to motor nerve, direct branchlets from the 
trigeminal nerve. The present writer (Hosokawa, 1951) noted 
that. in the fetus of the sperm whale, some twigs of the fifth 
nerve supplied the eye muscles directly or after joining the motor 
branches (Fig. 9). 


IV 


Vip 2 





M. obliquus sup. M. rectus lat. M. rectus sup. 


Fic. 9. Sensory innervation of extrinsic eye muscles of a fetus of sperm 
whale. (Hosokawa, 1951) d: direct insertion. i: indirect insertion. 


Another possibility for a peripheral course of ocular proprio- 
ception, which appears to be rather contrary to the trigeminal 
nerve theory, was proposed by Sherrington (1894, 1897, 1898, 
1918) as well as by Tozer and Sherrington (1910). After having 
proved the sensory innervation of striated muscles in the spinal 
nerve region, they directed attention to the extrinsic eye muscles. 
At first Sherrington sectioned the trigeminal and optic nerve in 
monkeys and cats, so as to examine the possible changes in the 
ocular movements and tonus. However, as he saw no remarkable 
changes, he assumed that sensory innervation of extrinsic eye 
muscles must take place through the motor nerves themselves. 

Then, after sectioning roots of the third, fourth and sixth 
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nerves at the exit from the brain stem, he found that all the nerve 
fibers in the peripheral stumps as well as in the innervated 
muscles were, excepting a small number of thin, apparently 
autonomic fibers, completely degenerated. Regarding the nerve 
endings, not only the motor end plates but also the atypical ten- 
don spindles described in the preceding paragraph disappeared 
completely, which implied that his assumption was correct. 

Similar experiments have been carried out repeatedly by 
Hines (1931) and Fukuda (1956, 1957, 1958) in the rabbit and 
by Tarkhan (1934) in the cat. In all instances Sherrington’s con- 
clusion was confirmed. In this relation it should also be noted 
that Abd-El-Malek (1938) reported the rise of blood pressure by 
stimulating the central stump of the dog’s third, fourth and sixth 
nerve. 

According to Hines (1931), a few thin nerve fibers left intact 
in her above mentioned experiments underwent degeneration by 
the removal of the superior cervical ganglion. She located the 
terminal endings of these thin fibers in the walls of small blood 
vessels, while Boeke (1927) described autonomic nerve endings 
on the muscle fibers themselves. (Many works dealing with the 
autonomic innervation of striated muscles have been published. 
In this review, however, the author omits all of them, since they 
are not directly connected with the sensory innervation of 
muscles. ) 

Needless to say, the ophthalmic nerve was cut as the control 
experiment in some of the above mentioned studies (Tozer & 
Sherrington, Fukuda). At that time they did not see any de- 
generative changes of nerve endings in the eye muscles, and the 
atypical spindle-like apparatus was also shown to be intact. 

This result seems to weaken further the possibility of partici- 
pation of the trigeminal nerve in the proprioceptive innervation 
of eye muscles. But Tozer and Sherrington (1910), in the speci- 
men of which the ophthalmic nerve was sectioned just distally 
to the semilunar ganglion, recognized a few degenerated nerve 
fibers in the peripheral part of the third, fourth and sixth nerve. 
Although it was not ascertained by serial sections, these degen- 
erated fibers might have been derived from the fifth nerve 
through anastomoses between the nerve roots. Tozer and Sher- 
rington did not make clear the destination of these degenerated 


fibers. 
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Now it is shown that, contrary to the common conception, the 
third, fourth and sixth nerve may not be purely motor in nature, 
but possibly contain some afferent fibers to transmit propriocep- 
tive impulses from the extrinsic eye muscles. Does this mean that 
the common conception, which makes the ophthalmic nerve re- 
sponsible for this task, is completely erroneous? 

Rather recently the trigeminal nerve theory reappeared in an 
unexpected way in the work of Cooper, Daniel and Whitteridge 
(1949, 1950, 1951, 1953, 1955). They endeavored to trace elec- 
tro-physiologically the centripetal course of sensory impulses 
caused by stretching the goat’s extrinsic eye muscles. While the 
action potential was recorded at first in the oculomotor nucleus 
(1950, 1951), they reported afterwards that the nerve cells of 
low threshold receptors such as the muscle spindle might be 
located in the semilunar ganglion or the nucleus of the mesen- 
cephalic trigeminal tract (1953-a). They then reached the elabo- 
rate conclusion that the receptors in the extrinsic eye muscles of 
the goat should be divided into the high and low threshold groups, 
of which the former are related to the motor nerve roots and 
nuclei, while the latter are intimately connected to trigeminal 
elements (1955). 

In this way two contrary possibilities of the peripheral course 
for transmitting proprioceptive impulses from the eye muscles 
appear to have been reconciled within each other. Needless to 
say, the significance of muscular branches of the ophthalmic 
nerve as well as of the anastomoses between this nerve and motor 
nerve roots has increased together with the revival of the tri- 
geminal nerve theory. 

As a matter of fact, Whitteridge (1955) recorded afferent 
action potential in the branchlet of the ophthalmic nerve supply- 
ing the superior oblique muscle of goat. The same might hold 
good for similar branches or anastomoses in man, baboon and cat 
(Cooper, Daniel & Whitteridge, 1955). According to Cooper and 
Fillenz (1952, 1955), who studied the extrinsic eye muscles of 
the cat and monkey electro-physiologically, afferent potential 
was recorded only in the peripheral root of the oculomotor nerve. 
It should be noted that eye muscles of the cat and monkey are 
lacking in muscle spindles, while there are plentiful in the goat’s 
eye muscles. 
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3. Ganglion cells in the ocular motor nerve roots. 


As described above, Sherrington and others have shown that 
the third, fourth and sixth nerve are not purely motor in nature 
but have at least some of the afferent nerve fibers from the ex- 
trinsic eye muscles. The localization of ganglion cells of these 
fibers is, however, not yet known. Some people assume that the 
cells in question must be represented by the ganglion cells scat- 
tered along the peripheral roots of the ocular motor nerves. 

Thomsen (1887) was the first to notice some peculiar features 
such as degenerated nerve cells in the roots of third, fourth and 
sixth nerves of a human newborn. Similar observations were 
made by Gaskel (1889) in the third, fourth, sixth, eighth, and 
ninth nerve, and Golgi (1893) also described ganglion cells in 
the trochlear nerve root proximally to the decussation. 

Tozer (1912) carefully examined these cells in the monkey 
and found on the average 21 cells (0—74) in the third and 30 cells 
(0-78) in the sixth, while he saw none in the fourth nerve root. 
Besides, he noticed some cells in the third nerve of the dove. 
A fish (Gadus vireus) also showed a considerable number of cells 
in the third (80), fourth (30), and sixth nerve (32-39). But 
Tozer apparently hesitated to regard them as sensory cells re- 
lated to the extrinsic eye muscles. 

Nicholls (1915) had a similar. experience and Nicholson 
(1924) paid attention to the fact that the number of these cells 
roughly correspond to that of thin nerve fibers which were left 
intact in the experiment of Tozer and Sherrington (1910) after 
sectioning the root proximally. Nicholson counted 44 cells in the 
third as well as 30 cells in the sixth nerve of a human embryo at 
term. These cells were medium-sized, ranging from 20 to 35, in 
diameter. 

Pankratz (1930) found some nerve cells in the ocular motor 
nerves of the toadfish (Opsanus tau). Similar cells were de- 
scribed by Windle (1932) in the trochlear nerve of the cat’s 
embryo just proximally to the decussation. Later on, Pearson 
(1943-a, 1944) also noticed some cells in the third and fourth 
nerve of the human embryo, and Hakamada (1943) encountered 
a few, medium-sized nerve cells enclosed by satellite cells in the 
baboon’s oculomotor nerve root. 

According to Fukuda (1955-1958), who examined these gan- 
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glion cells in the rabbit precisely and carefully, the cells were 
found in the third and sixth nerves of all the fourteen animals 
studied, the average number of cells being 36 (11-132) and 43 
(5-169) respectively. On the other hand, the fourth nerve 
showed, only in one case, a group of about one hundred nerve 
cells. Most of these cells were located along the nerve trunks in 
the orbit, especially at the sites where the muscular branches 
were given off. The cells varied in size from 16 to 43», the major- 
ity being between 25 and 32y. 

In order to determine the nature of these cells Fukuda (1956, 
1958) examined the pattern of Nissl bodies as well as the effect 
of section of nerve roots. He was inclined to the opinion that the 
cells in question are not the proprioceptive ganglion cells but 
belong to the autonomic nervous system, representing possibly 
cells of the accessory ciliary ganglia. 

More recently Rogers (1957) studied the cells in the ocular 
motor nerve roots of chick embryos in various stages of develop- 
ment (5-17 days of incubation). He was convinced that these 
cells were responsible for the proprioceptive innervation of ex- 
trinsic eye muscles. According to his hypothesis, those cells 
originated from the neutral crest and were taken into the brain 
stem as the mesencephalic nucleus of the fifth nerve (see below). 

Sinclair (1958) reported cell clusters in the fourth nerve of a 
human embryo of 20 mm. as well as of a porpoise embryo of 
25 mm. (Prodelphinus caeruleo-albus). On the latter the cells 
formed a ganglion 1.5 mm. long which contained hundreds of 
large cells. The same author paid special attention to the fact that 
a count of nerve fibers of the fourth nerve in the adult human 
outside the brain stem was nearly twice as much as that of the 
fascicles before decussation. He could not determine the source 
or nature of these extra fibers, whereas he noted a large number 
of small fibers entering just before the decussation. 

Sano (1941) studied the trochlear nucleus of various kinds of 
mammals and found that the posterior part of this nucleus is very 
often separated from the main mass. This cell cluster, which may 
be called posterior trochlear nucleus, is located near the caudal 
end of the main nucleus in man, rabbit and cat, while it is dis- 
placed far caudally to the middle of the intracerebral course of 
this nerve in the baboon. In the adult human brain, Sinclair 








4.24. Hosokawa 


(1958) reported that the most caudal motor cells of the fourth 
nerve lie almost at the level of the decussation and their fibers 
sweep independently into the fascicles at various levels.) 


Supplement. Ganglion cells in the other cranial motor nerve 

roots. 

Ganglion cells have been reported from time to time also in 
the cranial nerve roots which have nothing to do with the move. 
ments of eye ball. 

(i) Trigeminal nerve. In the trigeminal nerve root of man, 
rabbit, dog, cat, ox, pig, etc. Peters (1935) found accumulations 
of nerve cells sometimes reaching more than one hundred in 
number. Probably most of these cells were of the same kind as 
those of the semilunar ganglion. However, the significant fact is 
that he saw some cell clusters also in the portio minor. Nerve 
cells in the portio minor had been described by Allen (1925) in 
the cat, too. 

(ii) Facial and glossopharyngeal nerve. As mentioned above, 
Gaskel (1889) recognized nerve cells in the root of the seventh 
and ninth nerve of human material. Large numbers of migrating 
nerve cells may be seen on al] branchial nerves in the foetal 
dolphin (37 mm.). 

(iii) Vagus nerve. In the Japanese monkey and baboon 
Hakamada (1943) found remarkable groups of nerve cells in the 
vagus root at the site where it penetrated through the arach- 
noidea as well as inside the subarachnoideal space. Judging from 
the shape, position and number of these cells, he regarded them 
as equivalent to those of the jugular ganglion. Besides, nerve cells 
are known to be scattered from time to time along the vagus 
trunk. 

(iv) Accessory nerve. A small ganglion of large cells was de- 
scribed by Hakamada (1943) in the bulbar root of the baboon’s 
accessory nerve. Pearson and O’Neil (1946) happened to observe 
bipolar cells in the spinal roots of the same nerve in the mouse 
embryo. Other reports will be mentioned in Section IV, below. 

(v) Hypoglossal nerve. As described later in Section VII, 
ganglion cells in the twelfth nerve root have been reported by 
Langworthy (1924) in the cat, Pearson (1942-b, 1945-a) in the 
human embryo and adult, and by Tarkhan and Abd-El-Malek 
(1950) in man, rabbit, cat and rat. 

(vi) Ventral roots of spinal nerves. Windle (1931-c) found 
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a few nerve cells in the spinal ventral roots of the cat, dog, guinea 
pig and man. According to him Piolti examined one ventral root 
of the thoracic and lumbar nerves respectively and saw consider- 
able numbers of nerve cells, which looked like sensory cells. 

(vii) Dorsal roots of spinal nerves. Youngstrom (1944) saw 
bipolar cells among the dorsal root fibers within the spinal cord 
of a human embryo. Similar aberrant ganglion cells were studied 
also by Duncan and Crocker (1939). 


4. Where is the nucleus which receives proprioceptive 

impulses from the extrinsic eye muscles? 

Two possibilities of the peripheral course of proprioceptive 
nerve fibers from extraocular muscles were discussed in the pre- 
ceding section. Two theories have been proposed concerning the 
nucleus which receives these proprioceptive impulses, but the 
final decision has not been given. 

(a) Authors who accept the close relationship between the ocu- 
lar proprioceptive fibers and the trigeminal mesenceph- 
alic tract or nucleus. 

Following Golgi (1893, 1894-b), who wrote that some fibers of 
the mesencephalic fifth tract enter the trochlear nerve root, the 
intimate relationship or continuation of nerve fibers between the 
mesencephalic tract and ocular motor nerves have been accepted 
histologically by Weinberg (1928) in various vertebrates, by 
Windle (1932) in the cat’s embryo, by Tarkhan (1934) in the 
cat as well as by Pearson (1943-a, 1944) in the human embryo, 
infant and adult. 

The last named author wrote further that some cells of the 
trochlear and oculomotor nucleus in the silver preparations of 
the human embryo were quite similar to those of the trigeminal 
mesencephalic nucleus, implying the possibility that these cells 
might send sensory fibers to the third and fourth nerve roots. 
Sinclair (1958) could, however, find none of this type of cells 
in silvered adult human material except along the afferent 
fascicles. 

Degeneration experiments were carried out by Freeman (1925. 
1927) and Sheinin (1933). When they removed the whole con- 
tent of cat’s orbit, the mesencephalic nucleus was shown to be 
partly degenerated and they explained this by the destruction of 

afferent nerve fibers from the eye muscles. According to Free- 
man, no degeneration was seen when only the ophthalmic nerve 
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was cut. Therefore he was led to the conclusion that the afferent 
fibers from the eye muscles must be transmitted through the 
ocular motor nerve roots into the mesencephalic fifth nucleus. 

Woollard (1931) reported also that the sectioning of the rab- 
bit’s third nerve root caused degeneration in the mesencephalic 
nucleus at the level of the oculomotor nucleus. 

Based on these observations and reports, Brodal (1958) was 
inclined to regard the mesencephalic fifth nucleus as the most 
possible site for the ocular proprioceptive fibers to terminate, 
although these histological and experimental studies were still 
not conclusive nor unanimous. If these degeneration experiments 
are correct, the ocular proprioceptive nerve fibers in question 
should be represented by direct continuations or processes of the 
cells of trigeminal mesencephalic nucleus, a condition ascer- 
tained for the afferent nerve fibers from the masticatory muscles 
(Section II). Electro-physiological evidence for the close associ- 
ation between the eye muscles and mesencephalic nucleus was 
proposed by Fillenz (1955), who recorded action potential 
around this nucleus by stretching the inferior oblique muscle of 
the cat. 

(b) Authors who deny the relationship between the ocular 
proprioception and the trigeminal mesencephalic tract or 
nucleus. 

In his distinguished book on the histology of the nervous sys- 
tem (volume 1, 1909, new print, 1952) Cajal denied the above 
mentioned statement of Golgi (1893, 1894-b) which accepted the 
fibrous continuity between the trigeminal mesencephalic tract 
and ocular motor nerve roots. Exeprimental study of May and 
Horsley (1910) in the monkey showed that the intracerebral 
sectioning of the mesencephalic fifth tract did not provoke any 
degeneration in the third or fourth nerve roots, and Tozer (1912) 
confirmed in the same animal that the severance of the ocular 
motor nerves did not lead to degeneration in the mesencephalic 
tract or nucleus. 

These observations, quite contrary to those in the preceding 
paragraph, were enforced further by a series of reports of Corbin 
et al., who did detailed and extensive researches anatomically 
and physiologically in many cats. At first Corbin (1940) de- 
stroyed various parts of the mesencephalic tract and nucleus. 
and, after a lapse of nine days, all the cranial nerves were 
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stained with osmic acid. Then degenerated nerve fibers were 
found only in some branches of the trigeminal nerve, which sup- 
plied the mastication muscles, palate, gingiva and periodontium. 
Electro-physiological studies of Corbin and Harrsion (1940) 
could not record action potential in the mesencephalic tract, 
when the extrinsic eye muscles were stretched. 

Thus Corbin and coworkers doubted the interrelation between 
the mesencephalic fifth tract and eye muscles. They thought that 
the degeneration reported by Freeman (1925) and Sheinin 
(1933) must have been due to the lesion of the anterior eth- 
moidal nerve, which was shown to contain some fibers continu- 
ous with the mesencephalic tract. 

In search for the true sensory nucleus for eye muscles, Corbin 
et al. continued their work and were led to an unexpected des- 
tination. This was the motor nuclei which give rise to ocular 
motor nerves such as the third, fourth, and sixth nerve. While 
Corbin and Oliver (1942) encountered no degeneration in these 
ocular motor nerve roots in case of sectioning the mesencephalic 
tract, they recognized that, if the lesion involved the oculomotor 
or trochlear nucleus, not only degeneration occurred in the nerve 
fibers of these motor nerve roots but also the grape-like endings 
in the eye muscles disappeared. Besides, according to the electro- 
physiological study of Corbin and Harrison (1942), stretching of 
the eye muscles provoked action potential only in or around the 
oculomotor or trochlear nucleus. 

In this way the rather strange possibility was proposed that the 
ocular motor nuclei may be, contrary to the common conception, 
not purely motor in nature but may also contain some sensory 
elements. 

A similar hint had been suggested already by McLean (1926. 
1927), who discriminated in the dog’s oculomotor nucleus two 
kinds of cells, of which the smaller ones were regarded as af- 
ferent or proprioceptive for the extrinsic eye muscles. In this 
relation Sinclair’s observation (1954) on the human trochlear 
nucleus must be considered also. According to him, the fibers of 
the fourth nerve collected fanwise from the nucleus which was 
composed of medial and lateral groups of cells. He also cited 
Olszewski (1954) who pictured supratrochlear nuclei segmented 
to correspond with the motor cells and connected with them. 
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We have reviewed the two opposite theories or observations on 
the locality of afferent nucleus for the eye muscles. Do these two 
possibilities, then, essentially contradict each other? Or is there 
any way to reconcile these to each other? Although the final 
solution has not been reached, it may be remembered that some 
authors have held opinions which might reconcile these contra- 
dictory observations to some extent. 

As referred to before, Pearson (1943-a, 1944) found in the 
oculomotor and trochlear nucleus of the human embryo some 
cells of the mesencephalic fifth nucleus type, and suggested that 
they might represent the sensory cells for the proprioceptive in- 
nervation of the extrinsic eye muscles. Later Rogers (1957), as 
mentioned in the preceding section, made similar observations in 
chick embryos of various stages of development and wrote a 
hypothesis about the gradual displacement of the proprioceptive 
nerve cells for extrinsic eye muscles. According to his hypothesis, 
the ocular motor nuclei may comprise, in addition to their origi- 
nal motor cells. displaced elements from the trigeminal mesen- 
cephalic nucleus. Thus the double character of the ocular motor 
nuclei is easy to understand. 

A series of papers by Cooper, Daniel and Whitteridge (1951, 
1953, 1955) have brought forward another possibility for recon- 
ciling the two contrary viewpoints in an unexpected way. As 
mentioned briefly before, they discriminated high and low 
threshold receptors in the goat’s extrinsic eye muscles, and re- 
lated the former to the motor nuclei, while the latter, low thresh- 
old receptors were regarded as being in association with the tri- 
geminal mesencephalic nucleus. This duplex theory of the pro- 
prioceptive innervation of the eye muscles may be worth exam- 
ining further. 

When Cooper et al. (1953-b. c) looked for the secondary path- 
ways for the proprioception of eye muscles of the goat, they ob- 
tained action potentials in the central tegmental tract, medial 
longitudinal fasciculus, superior cerebellar peduncle, colliculo- 
tegmental fibers as well as in the cortical area near the visual 
area. 

In his report of patients of levator-pterygoid synkinesis, where 
the elevation of upper eye lid caused mouth opening reflex, Sano 
(1959) assumed a reflex arc, which originates in the superior 
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levator muscle and is transmitted to the trigeminal motor 


nucleus. 


II. Sensory Innervation of the Masticatory Muscles 


So far as the sensory innervation is concerned, the mastication 
muscles present the most stable knowledge among the striated 
muscles in the territory of cranial nerves. Muscle spindles are 
well developed (Baum, 1900; Gregor, 1904; Freimann, 1954), 
and it has been confirmed that the afferent nerve fibers run 
through the portio minor of the trigeminal nerve into the mesen- 
cephalic tract, so as to terminate in its nucleus (Johnston, 1909; 
May and Horsley, 1910; Willems, 1911; Kosaka, 1912; Allen, 
1919; Thelander, 1924; Weinberg, 1928; Corbin, 1940; Corbin 
and Harrison, 1940). Electro-physiological evidence was also 
presented by Corbin and Harrison (1940) as well as by Cooper, 
Daniel and Whitteridge (1953-a), who recorded action potentials 
in this nucleus by stretching the mandibular muscles of the cat 
and goat respectively. 

It is now the generally accepted conception that the mesen- 
cephalic fifth nucleus is a mass of cells which belong to the pe- 
ripheral, primary neuron. In other words, the peripheral nerve 
fibers in the portio minor are nothing but the dendritic prolonga- 
tions of nerve cells of the mesencephalic fifth nucleus. So this 
nucleus corresponds to the semilunar as well as spinal ganglia. 
although it is located inside the brain stem. In this point this 
nucleus represents a remarkable exception in the general struc- 
ture of the nervous system. 

This situation was clearly illustrated in Cajal’s book (Fig. 393) 
(Fig. 170 in the textbook of Ransom and Clark, 1951), and was 
ascertained repeatedly by degeneration experiments. Cajal saw 
further that short collaterals are given off to the trigeminal motor 
nucleus. Probably these collaterals (or axons?) form a reflex arc 
which controls smoothly the action of the masticatory muscles. 
Cajal, however, had regarded the mesencephalic nucleus as 
motor in nature. So his interpretation of these collaterals was 
naturally a little different. According to him, the mesencephalic 
nucleus was to store the stimuli from higher centers in its large 
cells for a while and then to release the energy effectively to the 
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masticatory nucleus and muscles, provoking powerful, coordi- 
nated chewing movements of the muscles (Edinger, 1911). 

This nucleus had for a long time been thought to be of motor 
function. At first Stilling (1846), Deiters (1865) and Golgi 
(1894-b) regarded it as the nucleus of origin of the trochlear 
nerve. Then it was taken for a motor nucleus of the fifth nerve 
by many authors such as Henle (1879), Bregmann (1892), Held 
(1893), Kélliker (1896), Terterjanz (1899), Kure (1899), Ober- 
steiner (1901), van Gehuchten (1906), Cajal (1909), Vogt 
(1910), Edinger (1911), Mingazzini (1928) etc. They judged 
so by the above mentioned relation between this nucleus and the 
peripheral nerve fibers as well as by the fact that the nerve fibers 
course through the portio minor representing the motor part of 
the trigeminal nerve. 

However, the large and oval shape of these cells, which re- 
semble considerably those of the spinal and semilunar ganglia. 
is quite unique, or rather unnatural for a motor nucleus. Some 
authors (Huguenin, 1873; Merkel, 1874; Lewy, Groff and Grant. 
1938) even regarded this nucleus in association with autonomic 
functions. 

Later it became accepted generally as a sensory nucleus of the 
trigeminal nerve (Johnston, 1909; Willems, 1911; Kosaka, 1912; 
Clark, 1926; Weinberg, 1928; Schneider, 1930; Corbin, 1940; 
Corbin and Harrison, 1940 etc.). As early as 1871 some authors 
had assumed that this nucleus might be sensory in nature (Mey- 
nert, 1871; Krause, 1876; Bechterew. 1899). But it was Johnston 
(1909) who clearly established this fact through extensive studies 
of the mesencephalic tract and nucleus in the vertebrate king- 
dom. The principal reason for his judgment as to the sensory 
character of this nucleus was the morphological features of the 
nerve cells, while its embryological origin from the dorsal, alar 
plate re-enforced this conclusion. Concerning the peculiarity that 
the peripheral nerve fibers continue directly to the sensory cells 
in the brain stem, the same situation was observed in the spinal 
ganglia of Amphioxus. Furthermore, such a thing is said to occur 
partially also in the embryos of the petromyzon, fishes, amphibi- 
ans and reptiles. Therefore Johnston was led to the conclusion 
that the mesencephalic fifth nucleus represents a sensory gan- 
glion which had originally derived from the neural crest and was 


taken in the brain stem. 
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The question, whether or not this mesencephalic nucleus re- 
ceives afferent impulses only from the masticatory muscles, is 
still left open. Some authors claim that a part of the fibers from 
the mesencephalic tract are distributed peripherally through the 
portio major (Johnston, 1909; Kosaka, 1912; Thelander, 1924 
and others). Corbin (1940) destroyed the mesencephalic tract 
and nucleus in many cats and examined degenerated fibers in 
the peripheral nerves. He found that in addition to nerves to the 
masticator muscles, the following nerves on the ipsilateral side 
showed degenerated fibers: ethmoidal branches of the ophthalmic 
nerve, palatine and superior alveolar branches of the maxillary 
nerve, inferior alveolar branches of the mandibular nerve, etc. 
Thus it was concluded that afferent impulses from the palate. 
gingiva and the periodontium would be useful for controlling the 
chewing force efficiently so as to protect the gingiva and palate 
from damage. 

Although May and Horsley (1910) and Allen (1919) assumed 
that some fibers of the mesencephalic fifth tract derived from the 
cells in the semilunar ganglion and were connected to the oculo- 
motor and trochlear nuclei, such an opinion has not been gener- 
ally accepted. Also the nucleus loci caerulei had often been 
described in error as giving rise to some fibers of this tract. 

The relationship between the mesencephalic tract or nucleus 
and striated muscles other than the masticator muscles in the 
trigeminal nerve territory is not yet very clear. Kélliker (1896). 
who regarded this nucleus as motor in nature, assumed that it 
might innervate the m. tensor veli palatini and m. tensor tym- 
pani. Terterjanz (1899) wrote that, after the removal of the cat's 
tensor veli palatini, some fibers of the mesencephalic tract under- 
went degeneration, whereas the same experiment of Kure (1899) 
in the dog presented negative results. 

Concerning m. tensor tympani, m. mylohyoideus, and the 
anterior belly of the digastric muscle, also, no positive proof of 
their relationship to the mesencephalic tract or nucleus has been 
obtained (Kosaka, 1912; Corbin, 1940). Baum (1900) found no 
muscle spindles in either belly of the digastric muscle, while 
Gregor (1904) saw them in the mylohyoid. 

Regarding the relationship between the mesencephalic tract 
or nucleus and the cranial nerves other than the trigeminus, 
ocular motor nerves were discussed in the preceding chapter. 
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There are some reports that the sectioning of the facial or hypo- 
glossal nerve roots provoked tigrolysis in the mesencephalic 
nucleus (Lewy, Groff and Grant, 1938). It may need further 
corroboration. 

The ascending pathway from the mesencephalic fifth nucleus 
is still questionable. If Cajal’s illustration is right, the cells of 
this nucleus have no neurite. The collaterals extending to the 
masticatory nucleus (nucl. motorius n. trigemini) represent the 
only path for continuing impulses from the periphery. So these 
collaterals may be axons, which completes a closed reflex arc as 
follows: Masticatory muscles > mesencephalic nucleus > masti- 
catory nucleus > masticatory muscles. It is however not im- 
probable that fine neurites do exist, which are escaping our 
observations. Schneider (1928) described terminal rod like 
structures on the surface of cells of the dog’s mesencephalic 
nucleus, which were stained with silver technique. 

In passing, Sano (1959) examined many patients of the tri- 
gemino-oculomotor synkinesis, especially the pterygoid-levator 
synkinesis, where the opening of the mouth caused reflective 
elevation of the upper eye lid (Marcus Gunn’s phenomenon), 
and assumed a reflex arc originating in the masticator muscles 
to be transmitted through the mesencephalic fifth tract to the 
oculomotor nucleus. 


III. Sensory Innervation of the Facial Muscles 


1. Are the facial muscles furnished with proprioceptive 
sensation? 


In his book on “the examination of reflexes,” Wartenberg 
(1945) discussed minutely the orbicularis oris reflex and empha- 
sized that it is neither a skin-muscle reflex nor a periosteum- 
muscle reflex but it represents evidently a muscle-muscle reflex. 
So he postulated the existence of afferent discharges from the 
orbicularis oris muscle. But the morphological proof of this 
sensory innervation of facial muscles has not been demonstrated 
clearly and we have only vague knowledge about this problem. 

Concerning sensory nerve terminations in the facial muscles, 
Hines (1927) cited that Cipollone (1897) found no muscle 
spindle in the rabbit and that Smith (1926) obtained the same 
negative result in the embryo of the pig, cat, guinea-pig and rat. 
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In human material, Kadanoff (1956) examined the striated 
muscles of the lip, nose, cheek and auricle with Bielschowsky’s 
silver stain, and encountered a very few, but typical muscle 
spindles as well as some atypical spindles without connective 
tissue capsule. In addition he saw several types of epilemmal 
nerve endings such as the terminal loops, terminal boutons and 
the mixed type. Also terminal glomeruli were observed in the 
interstitial connective tissue. 

According to him these afferent end-apparatuses were better 
developed in the muscles of the lip and oral angle than in the 
nose, cheek and auricle. Needless to say, the former represent 
more movable parts of the face. According to Okamoto’s personal 
information, she found spiral nerve endings in the human orbic- 
ularis oris. which were quite similar to those described by her 
in the extrinsic eye muscles (1957). 


2. Peripheral course of sensory nerve fibers from the facial 
muscles. 


Naturally one may think at first of the trigeminal nerve as the 
peripheral course of afferent impulses from the facial muscles. 
As a matter of fact, however, this course had been neglected and 
the facial nerve itself was subjected to the attention of many 
authors, because many clinical and clinico-experimental cases 
were known, where the complete destruction or removal of the 
semilunar ganglion still left some deep sensibilities or pressure 
and pain sensations in the face (Spiller. 1906; Ivy and Johnson, 
1909; Gerard, 1923; Davis, 1923 etc.). 

Some authors attributed this to the incompleteness of operation 
or assumed that this sensation might be conducted by the auto- 
nomic nervous system (Mills, 1910; Maloney and Kennedy, 
1911). 

Huber (1930) did a self-experiment with the help of Hughson 
and, after complete anaesthesia of the trigeminal nerve with 
novocain, he could still judge accurately and promptly the site 
of muscle contractions caused by direct electrical stimulation of 
facial muscles, Thus Huber was led to the conclusion that the 
facial musculature is furnished with proper discriminative sen- 
sations, which are probably transmitted through the facial nerve 
trunk. 

In the clinical experiments of Carmichael and Woollard 
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(1933), no pressure and pain sensations were recognized after 
the anaesthesia of the semilunar ganglion. The experimentees 
could, however, feel the swelling or bulging of the cheeks when 
they ate food, and this feeling was lost when the facial nerve was 
blocked, implying the existence of some proprioceptive sensa- 
tions travelling through the facial nerve. 

Early in this century Head (1905) wrote in his famous article, 
where he discriminated three sensory factors, the epicritic and 
protopathic sensation and the deep sensibility, that the deep sensi- 
bility, which feels the pressure and movement as well as pain by 
powerful pressure, is transmitted by afferent nerve fibers con- 
tained in the motor branches and is not impaired by cutting the 
cutaneous sensory nerves. Of course he was led to this rule 
through his observations in the spinal nerve territory. But, judg- 
ing from above mentioned reports on the facial and trigeminal 
nerves, this rule may hold good to some extent also for the facial 
areas. It is however not easy to know the exact relationship be- 
tween the so-called deep sensibility and the proprioception of 
muscles. 

Morphological studies have shown that a few afferent fibers 
are present in the facial nerve trunk at the level of the stylo- 
mastoid foramen (Weigner, 1905 and others). Foley and DuBois 
(1943) analyzed the fiber composition of the cat’s facial nerve 
and made it clear that of all the nerve fibers amounting to some 
20,000 (18,910-28.471), motor and autonomic fibers occupied 
about 69% and 15% respectively, while the remaining 15% 
were represented by the sensory fibers. Regarding these sensory 
fibers, more than the half (45-62%) were distributed to the 
chorda tympani, while n. petrosus major took some one third of 
the total number (27-40%) and only a few fibers (11-15% ), of 
which the real nuraber was 109-442, were shown to accompany 
the main trunk peripherally. 

According to the report of Wakeley and Edgeworth (1933) in 
the monkey, the facial nerve trunk had approximately 5,000 
medullated nerve fibers just below the stylomastoid foramen and 
about 7% (359 fibers) were shown to be afferent. 

Concerning the peripheral origins of these sensory fibers, there 
are roughly speaking two kinds of opinions. One of them regards 
these fibers exclusively in association with the posterior auricular 
branches which convey the pain sensation from the auricular 
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skin (Hunt, 1909, 1937; Rhinehart, 1918; Larsell and Felton, 
1928; Foley and DuBois, 1943; Pearson, 1945-b; Brodal, 1947). 
The study of Hunt (1937) was based on the distribution of herpes 
zoster and the analysis of symptoms of geniculate neuralgia, 
and he published a schema to illustrate the peripheral courses of 
afferent fibers in the facial nerve (Fig. 10). 


Meck. g. 
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; : Stvlomast. f 
Jacobson’s n. 


Sens. br 
Ext. aud. canal 


Auric. br 
Temp. facial R. auric. post. 


Dig. +-Stylohyoid n 
Deep sensibility Cery Facial] 
Of face 


Fic. 10. Diagrammatic representation of the facial nerve, showing the 
geniculate ganglion and its sensory root and peripheral divisions. The sensory 
system is shaded. Hunt, 1937) 

As is well known, the auricular skin is innervated also by the 
auricular ramus of the vagus nerve. As a matter of fact, the just 
mentioned ramus of the tenth nerve (Arnold’s nerve) in the dog, 
cat, rat, etc. joins the facial nerve trunk temporarily and is dis- 
tributed to the auricular area together with the posterior auricu- 
lar branches. 

The second viewpoint about the afferent fibers of the facial 
nerve accepts the possibility that these fibers are distributed 
widely in the facial areas so as to convey the deep sensibilities or 
proprioceptive impulses from the facial muscles. Clinical and 
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clinico-experimental reports mentioned in the beginning of this 
paragraph obviously support this second opinion. 

Morphological proof of this viewpoint was proposed by 
Bruesch (1944) to some extent (Fig. 11). He repeated degenera- 
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Fic. 11. Afferent medullated nerve fibers in the cat’s facial nerve. (Bruesch, 
1944) (A: average number of afferent fibers from the intermediate nerve. 
B: average number of afferent fibers from the auricular ramus of vagus 
nerve. ) 


tion experiments in more than twenty cats and made it clear 
that at least some 140 fibers from the facial trunk, together with 
some 90 afferent fibers deriving from Arnold’s nerve, are dis- 
tributed to the facial muscles. According to him the posterior 
auricular branches comprise on an average 948 afferent fibers 
from the facial and 1184 from the vagus nerve. Thus the number 
of sensory fibers distributed to facial musculature is relatively 
very scanty. Bruesch found no sensory end apparatus in the 
muscles, excepting some free endings in the adventitia of blood 
vessels. 


3. Nucleus for receiving the afferent impulses from facial 
muscles. 

It has been accepted that the above mentioned afferent fibers 
in the facial nerve trunk distal to the stylomastoid foramen have 
their perikaryons in the geniculate ganglion, where also are 
situated the cells for fibers to be distributed through the n. pet- 
rosus major and chorda tympani to the mucous membrane of the 
tongue and the palate (Davis, 1923; Bruesch, 1944). 

Concerning the central processes extending from bipolar cells 
of the geniculate ganglion. Kimmel (1941) examined silver 
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stained brain preparations of the rabbit’s embryos in various 
stages of development and discriminated three types of destina- 
tions as follows: (1) A few fibers appear to turn caudad to ter- 
minate in the nucleus of the spinal tract of the trigeminal nerve. 
(2) The most fibers turn caudad so as to form the rostral part of 
the fasciculus solitarius. (3) Some fibers continue medially to 
end in a small-celled nucleus in the region of the internal genu 
of the facial nerve and medial to the abducens nucleus. 

Afferent fibers from the ninth and tenth nerve were observed 
to join the first and second courses just mentioned. Since the 
solitary tract and its nucleus are regarded as receiving gustatory 
and mucous membrane sensations, the spinal tract of the tri- 
geminal nerve and its nucleus may represent the destination of 
afferent fibers from the facial peripheral areas. However, no 
electro-physiological evidence has been obtained so far. 

Brodal (1947) reported that, in all four cases of the clinico- 
experimental severance of the spinal tract of the trigeminal 
nerve, anaesthesia of the auricular skin was observed to accom- 
pany the disappearance of sensibilities in the proper trigeminal 
nerve regions. Taking into consideration the fact that the auricu- 
lar region is innervated by the seventh, ninth and tenth nerves. 
Brodal concluded that the nucleus of the spinal tract is responsible 
for the sensory innervation of the auricular skin. 

The connection between the afferent fibers of the intermediate 
nerve and the mesencephalic fifth tract was suggested by Pearson 
(1945-b), who observed in the brain of human fetuses that some 
fibers of the former nerve continue craniad beyond the fasciculus 
solitarius into the mesencephalic tract. 

Some authors suppose theoretically that the superior sensory 
nucleus of the trigeminal nerve may receive the proprioceptive 
impulses from the facial muscles (Elliott, 1947). This hypothesis 
is based on the assumption that the nucleus of the spinal tract of 
the fifth nerve corresponds to the dorsal column of spinal cord. 
while the superior sensory nucleus is equivalent to the nuclei 
cuneatus and gracilis. It is at least accepted by Gerard (1923), 
Windle (1926) and Smyth (1939) that the nucleus of the spinal 
fifth tract is concerned with temperature and pain sensations of 
the face. The tactile sensation of the face is said to be transmitted 
not only to the superior sensory nucleus but also to the nucleus 
of the spinal tract. 
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The secondary, ascending pathway to convey facial proprio- 
ception is quite unknown. If such a tract exists, it may be mixed 
in the trigeminal lemniscus. This lemniscus is further divided 
into ventral and dorsal parts; for details the reader is referred to 
Wallenberg (1905), Walker (1939), and Smyth (1939). 

In addition to the facial muscles, there are some more striated 
muscles in the territory of the seventh nerve: posterior belly of 
the digastricus, the stylohyoideus and the stapedius muscle. We 
have almost no knowledge about their afferent innervation of 
the former two. Baum (1900) saw no muscle spindles in them, 
whereas Gregor (1904) encountered some in the stylohyoid. The 
stapedius muscle will be discussed in the next chapter. 


IV. Sensory Innervation of Muscles of the Auditory Ossicles 


Two tiny striated muscles, the tensor tympani and the sta- 
pedius, attach to auditory ossicles and may serve to protect the 
inner ear by preventing the ossicles from too severe vibrations. 
They may also serve to make the mechanism more responsive 
under attention. It is well known that the stapedius receives a 
small branch (n. stapedius) from the seventh nerve trunk, while 
the tensor tympani is innervated by the n. mandibularis. But the 
anatomical and physiological details concerning proprioception 
of these muscles are scarcely known. 

One may suppose that the auditory sensation will play the role 
of afferent arm of the reflex arc for controlling the movements of 
these muscles, leaving no necessity for sensory innervation of 
them. But the existence of receptor nerve endings in those 
muscles contradict this presumption. 

Nerve endings in the muscles of the auditory ossicles were 
studied by Krebs (1905) and Ota (1958). The former author 
examined the ox’s stapedius with methylene blue staining as well 
as with the gold chloride method, whereas the latter studied the 
cat’s stapedius and tensor tympani by means of gold chloride 
method and Bielschowsky’s silver stain. Concerning sensory end- 
ings, Krebs described one typical tendon spindle and some Ruffini 
body-like end apparatus. Tree-like terminations also were ob- 
served in the interstitium. A network of fine fibrils, probably of 
autonomic character, was seen in the walls of arterioles. 

Ota found only one typical muscle spindle in twenty-five 
tensor tympani muscles, while a few spiral nerve endings were 
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noticed in the stapedius muscles. Besides, he discriminated in 
both muscles grape-like, bush-like, tree-like and rod-like endings. 
Ota studied further the relationship between the motor endings 
and muscle fibers, and described some such cases where a single 
muscle fiber was furnished with two end plates, of which each 
nerve fiber was directed opposite to the other. 

Accepting that the muscles in question are supplied with sen- 
sory innervation, it is probable that the tensor tympani receives 
it from the same pathway and origin as that for the masticatory 
muscles. As referred to in the chapter II, however, nobody has 
obtained positive evidence for the connection between the tensor 
tympani muscle and the nucleus of the mesencephalic fifth tract 
(Kosaka, 1912; Corbin, 1940 etc.). 

As regards the course and origin of afferent fibers from the 
stapedius muscle, one may easily think of their community with 
that of the facial muscles. But the delicate anatomical situation 
of this muscle has prevented the fruitful success of the study. 

According to the study of Foley and DuBois (1943) in the cat, 
n. stapedius is mainly composed of medullated fibers 2.5-4.5 p 
in diameter, of which the number was about one thousand, occu- 
pying some 10% of the total somatic efferent fibers of the seventh 
nerve. They encountered a few nerve cells in the stapedius nerve 
and regarded them as heterotopic elements of the autonomic 
nature. 

Bruesch (1944) showed by degeneration experiments in the 
cat that a few medullated nerve fibers (on an average 22 fibers) 
arising in the geniculate ganglion were distributed to the sta- 
pedius nerve (Fig. 11). 


V. Sensory Innervation of the Pharyngeal, Laryngeal and 
Palatine Muscles 


Compared with the extraocular, masticatory, facial muscles 
etc., those striated muscles of the pharynx, larynx and palatum, 
innervated by the ninth and tenth nerves, show a tendency to- 
wards somewhat involuntary or reflex character. They represent 
so to say the intermediate type between the “somatic motor” and 
“visceral motor” muscles. They are therefore called sometimes 
“special visceral motor’ muscles, whereas the general visceral, 
smooth muscles are called “general visceral motor.”” They may 
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be better called “branchial” muscles. Nucl. ambiguus is said to 
innervate the musculature in question. 

Before discussing the proprioception of these muscles, general 
afferent fibers comprised in the glossopharyngeal and vagus 
nerves will be recalled. As is well known, one group of sensory 
fibers convey cutaneous sensations of the auricle through the 
ramus auricularis nervi vagi. The proper ganglion calls are lo- 
cated mostly in the superior or jugular ganglion (DuBois and 
Foley, 1937), and their central processes, as presented in chapter 
III, are said to reach the nucleus of spinal tract of the trigeminal 
nerve (Kimmel, 1941; Brodal, 1947). 

The second group of afferent fibers concern the general sensa- 
tion of mucous membranes of the pharynx, larynx and palate, 
including gustatory sensation from the posterior part of the 
tongue. Nerve cells are considered to be in the inferior or nodosal 
ganglion of the tenth nerve as well as in both the superior and 
inferior ganglia of the ninteh nerve, of which the centripetal fibers 
probably continue to the nucleus solitarius (Foley & DuBois, 
1934; Tarlov, 1940; Kimmel, 1941). Then the secondary tract 
ascends to the thalamus and further to the sensory area of the 
cerebral cortex (Allen, 1923-a,b). 

Anatomical and physiological knowledge about the proprio- 
ceptive innervation of those muscles is very vague. Sensory nerve 
endings have been reported in them from time to time, although 
they appear to be poorly developed. A few muscle spindles were 
seen by Gregor (1904) in the stylopharyngeal muscle of the 
human fetus, by Slawik (1942) in the upper part of the human 
oesophagus, by Nakayama (1911) and Nakamura (1915) in the 
human laryngeal muscles, by Sugano (1929) in the dog’s larynx, 
by Brocklehurst and Edgeworth (1940) in m. cricothyreoideus of 
the monkey, by Goerttler (1950) in the human vocal muscle, by 
by Winckler (1956) in the human lateral cricoarytenoideus, by 
Paulsen (1958-a,b) in the m. vocalis, cricoarytenoideus posterior 
and cricothyreoideus of man (Fig. 12). 

Besides, apparently sensory nerve terminations were described 
by Sunder-Plassmann (1933-a,b) and Miindich (1938) in both 
the m. vocalis and cricoarytenoideus of man and rabbit respec- 
tively. Thus it is clear that those muscles are supplied, although 


scantily, with afferent innervation. 
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Fic. 12. Distribution of muscle spindles in the human laryngeal muscles. 
(Paulsen, 1958) (a: M. cricoarytenoideus posterior, b: M. cricothyreoideus. ) 

Nakamura (1915), who found muscle spindles in the laryn- 
geal muscles of the patients having infantile beriberi, doubted 
the opinion of Kiyono (1911) that, in the beriberi patients, intra- 
fusal fibers of muscle spindles were subjected to higher patho- 
logical changes than the ordinary muscle fibers. 

When Strong (1945) observed that some fibers of the m. 
vocalis went into the vocal ligament so as to end spirally, he sup- 
posed peculiarly that these muscle fibers might serve to feel the 
tension of the vocal ligament. Motor nerve endings in the laryn- 
geal muscles were studied by Grabower (1902), Arione (1923). 
Takasaki (1928) and others. 

Although the exact courses of afferent fibers from the laryn- 
geal, pharyngeal as well as palatine muscle are not known, some 
reports will be mentioned here which may give clues for future 
researches. 

Judging from his degeneration experiments in the monkey and 
cat, Sherrington (1894) stated that the laryngeal recurrent nerve 
contains some sensory fibers deriving from the cervical spinal 
ganglia. 

Foley and DuBois (1937) sectioned the trunk of cat’s vagus 
nerve and traced some intact fibers of small diameter (2-3 ») 
into the recurrent nerve and further probably into the tracheal 
and oesophageal branches. These authors could not, however, 
ascertain whether or not some of these intact fibers reach the 
laryngeal muscles. According to them, the vagus trunk just below 
the inferior ganglion did not include many medullated fibers 
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(23-33%), of which the majority (54-64%) were motor, the 
rest (36-46%) representing probably the sensory fibers. On the 
average some 25,000 ganglion cells were counted in the inferior 
ganglion, some of which showed chromatolysis after the section 
of the recurrent nerve. 

Brocklehurst and Edgeworth (1940), after sectioning monkey’s 
vagus trunk, found that some 3% of fibers in the recurrent nerve, 
just before entering the laryngeal muscles, were not degenerated 
and regarded them as proprioceptive fibers. On the other hand, 
some 30% of fibers of the superior laryngeal nerve were intact, 
which may serve for transmitting the sensory impulses from 
mucous membranes etc. 

Fiber-analytical studies of laryngeal nerves, especially of the 
inferior laryngeal nerve, were done by Tomasch and Britton 
(1955), Murray (1957), Faaborg-Andersen (1957) etc., and it 
was shown that this nerve presents a distribution curve with one 
peak at the site a little less than 10 » of the diameter. Since it is 
said that nerves innervating muscles with many muscle spindles 
usually contain a considerable number of thin fibers and present 
a distribution curve with two peaks, the above observation may 
suggest that the laryngeal muscles are poorly supplied with pro- 
prioceptive innervation (Murray, 1957). According to Paulsen 
(1958-a,b), only one muscle spindle was found in four human 
vocal muscles, one spindle each in two muscles of four cricothy- 
reoideus, and one to five spindles in each of five posterior cri- 
coarytenoid muscles. 

Hirose (1960, personal information) severed the recurrent 
nerve of cat and recorded action potentials at the proximal end 
of the peripheral stump, when he exerted a slight pressure on 
the larynx. However, it could not be decided whether these im- 
pulses derived from muscles or from mucous membranes. 


VI. Sensory Innervation of the Sternocleidomastoideus and 
Trapezius Muscles 


The sternocleidomastoideus and trapezius, innervated by the 
accessory nerve, are surely equipped with proprioceptive nerve 
supply. Especially in the former muscle, a considerable number 
of muscle spindles were found (Baum, 1900; Gregor, 1904; Wil- 
lard and Lawrence, 1933; Voss, 1958) and reflex movements 
apparently of the muscular origin were observed (Sano, 1953). 
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Concerning the quantitative relation of muscle spindles in 
muscles in general, various methods of measurement have been 
proposed: (1) largest number of spindles in the cross-section of 
muscles (Gregor, 1904), (2) number of spindles in an unit area 
of the cross-section (Oshima, 1938), (3) density of spindles, 
which is given by the average number of spindles per one gram 
of the muscle, that is to say, the ratio between the total number 
of spindles and the weight of muscle in grams (Oshima, 1938; 
Voss, 1937, 1958; Schulze, 1955; Kiesewetter, 1959: Korner. 
1960) (see Table 2). 


TABLE 2 


Distribution density of muscle spindles in different muscles. (The density is 
given by the average number of spindles per one gram of the muscle) 


Man, lumbrical muscles of hand (Voss, 1937) 











Weight of Total number Density 

muscle (g.) of spindles of spindles 
I. lumbr. m. 3.1 51 16.5 
II. lumbr. m. 1.8 36 19.7 
III. lumbr. m. 1.6 20 12.2 
IV. lumbr. m. Be 23 17.5 
Average 16.4 


Man, lumbrical muscles of foot (Voss, 1937) 











Weight of Total number Density 

muscle (g.) o spine les of spindles 
I. lumbr. m. iy 36 21.0 
II. lumbr. m. 1.5 26 175 
III. lumbr. m. 1.4 17 12.1 
IV. lumbr. m. 1.2 24 19.5 
Average 17.5 


Chimpanzee, lumbrical muscles of hand (Voss, 1937) 





Weight of Total number Density 
muscle (g.) of spindles of spindles 
L lumbr. m. 0.37 46 12.5 (125) 
II. lumbr. m. 0.60 31 5.2 (52 
III. lumbr. m. 0.48 25 §.2 (! 
Average 7.6 ( 
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Distribution density of muscle spindles in different muscles. (The density is 
given by the average number of spindles per one gram of the muscle) 






Chimpanzee, lumbrical muscles of foot (Voss, 1937) 


















Weight of Total number Density 
muscle (g of spindles of spindles 
I. lumbr. m. 0.37 36 9.7 (97) 
II. lumbr. m. 0.33 27 8.1 (81) 
III. lumbr. m. 0.43 24 5.5 (55) 






Average 7.7 (77) 











Cat’s muscles (Oshima, 1938) 











































Weight of Total number Density 
muscle (g of spindles of spindles 
III. lumbrical muscle of 
fore limb (average of 4) 0.04 7 17.3 (173) 
M. sartorius (2) 11.4 66 6.1 
II. external 
intercostal m. (3) 0.7 18 2.7 (27) 
M. extensor 
digit. comm. (2) 1.3 22 1.8 (18) 
M. flexor digit. 
superf. (2) 22 35 1.7 (17) 
M. extensor carpi 
rad. long. (4) 1.3 18 1.4 (14) 
M. flexor carpi 
radialis (4) 1.3 18 1.4 (14) 
M. biceps brachii (4) 6.4 53 0.9 (9) 
M. rectus abd. (2) 20.46 87 0.4 (4) 
Kitten’s muscles (Oshima, 1938) 
Weight of Total number Density 
muscle (g of spindles of spindles 
III. lumbrical muscle of 
fore lumb (1) 0.004 7 175 (1750) 
M. flex. carpi rad. (1) 0.13 17 13.1 (131) 
M. ext. carpi 
rad. long. (1) 0.12 15 12.5 (125) 
II. external 
intercostal m. (1) 0.1 21 21.0 (210) 
M. biceps brachii (1) 0.5 45 9.0 (90) 
M. rectus abd. (1) 19.0 85 4.5 
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Distribution density of muscle spindles in different muscles. (The density is 
given by the average number of spindles per one gram of the muscle) 


Man, thenar muscles (Schulze, 1955) 














Weight of Total number Density 
muscle (g.) of spindles of spindles 
11.6—29.2 
Man, muscles of pectoral girdle (Kiesewetter, 1958) 
Weight of Total number Density 
muscle (g.) of spindles of spindles 
M. levator scapulae 41.1 O+ 2.29 
Mm. rhomboidei 93.6 119 1.27 
M. teres minor 27.7 35 1.26 
M. teres major 122.7 +t 0.36 
M. supraspinatus 51.8 28 0.54 
M. infraspinatus 137.1 54 0.39 
M. infrascapularis 182.8 83 0.45 
M. deltoideus 355.7 182 0.51 
M. serratus anterior 197.5 171 0.87 
Man, infrahyoid muscles (Voss, 1958) 
Total number Density 


Weight of 
muscle (g.) 


of spindles 


of spindles 





M. sternohyoideus 6.1 41 6.5 
M. sternothyreoideus 6.2 86 13.8 
M. thyreohyoideus 2.0 12 6.0 
M. omohyoideus 6.2 83 13.3 
{ Superior belly 51 
) Inferior belly 32 
M. sterno- 
cleidomastoideus 53.4 303 5.6 
Man, abdominal muscles (Voss, 1958) 

Weight of Total number Density 


M. rectus abdominis 
M. obliquus ext. abd. 
M. obliquus int. abd. 
M. transversus 
adbdominis 


muscle (g.) 
157.3 
161.2 
109.2 


58,2 


of spindles 
354 

569 (590) 
332 


425 


of spindles 
2.25 

3.50 (3.6) 
3.04 


7.30 
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TasLe 2—Continued 
Distribution density of muscle spindles in different muscles. (The density is 
given by the average number of spindles per one gram of the muscle ) 


Man, Musculi nuchae profundi (Voss, 1958) 








Weight of Total number Density 
muscle (g. of spindles of spindles 
M. rectus capitis 
posterior major 4.0 122 30.5 
M. rectus capitis 
posterior minor 1.5 54 36.0 
M. obliquus capitis 
superior 3.3 141 42.7 
M. obliquus capitis 
inferior 7.9 232 29.3 





Man, muscles of shoulder joint (Kérner, 1960) 





Weight of Total number Density 








muscle (g of spindles of spindles 
M. pectoralis major 295.6 450 1.52 
M. pectoralis minor 50.5 87 1.72 
M. sternalis 2 pes 
M. subclavius 5.2 27 5.19 
M. coracobrachialis 39.8 123 3.09 
M. biceps brachii 163.8 320 1.95 
M. brachialis 141.0 256 1.81 
M. triceps brachii 364.4 520 1.42 
Caput longum 138.4 222 1.6 
laterale 94.2 200 2.12 
|Caput mediale 92.5 98 1.06 





In addition, the ratio in number between the ordinary muscle 
fibers and spindles (in the sternocleidomastoideus 10,895: 1, 
Gregor, 1904) as well as between the motor units and muscle 
spindles were counted (in the cat’s tibialis anterior nearly 2:1, 
Hagbarth and Wohlfahrt, 1952). 

The data obtained so far do not cover the whole musculature 
and it is still impossible to draw conclusions about the distribution 
of muscle spindles in the body of man and animals. Generally 
speaking, however, it is probable that, in the extremities, the 
more peripheral muscles are furnished with more numerous 
spindles. Muscles capable of delicate degrees of movement may 
need many spindles. 
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It is said that muscles of the upper extremity usually have 
more spindles than the equivalent muscles of the lower extremity 
and that the muscles of the trunk possess fewer spindles than 
those of extremities. Cervical muscles are also regarded as rela- 
tively rich in muscle spindles. 

The accessory nerve, which controls the sternocleidomas- 
toideus and trapezius, is composed of cranial and spinal roots, of 
which the former is merely the accessory root of the vagus nerve. 
Only the spinal roots are responsible for the innervation of those 
muscles. In addition, ventral rami of some of the C3 and C4 con- 
tribute anastomoses to the accessory nerve. 

With regard to the conducting pathway of proprioceptive im- 
pulses from the accessory musculature, three possibilities have 
been proposed: 

(1) The accessory nerve trunk itself can be the route in ques- 
tion, for some of the root fibers were traced into the spinal cord 
toward the dorsal column as well as cranially near to the inferior 
end of the solitary tract (Darkschewitsch, 1885; Windle, 1931-b; 
Pearson, 1937, 1938). Needless to say, the majority of fibers, 
motors in nature, were directed ventrally to the nucl. originis n. 
accessorii. 

(2) The second theory accepts the anastomoses between the 
spinal root of accessory nerve and the dorsal roots of upper cervi- 
cal nerves (C1, C2) inside the vertebral canal, and assumes that 
some of the originally spinal afferent fibers travel through these 
anastomoses into the accessory nerve trunk. 

Although Holl (1878) and Kazzander (1891) did not notice 
such anastomoses and thought that the accessory nerve root and 
cervical dorsal roots were independent of each other, Weigner 
(1901) described various types of communications between the 
two and, according to him, sometimes the dorsal root of C1 ap- 
peared to be the root of the accessory nerve itself. 

On the other hand, clusters of nerve cells have been reported 
in various sites of the accessory nerve root, both inside and out- 
side the spinal or cranial cavity (Streeter, 1905; Fahmy, 1927; 
Hakamada, 1943; Pearson and O’Neil, 1946) (Fig. 13). Accord- 
ing to Windle (1931-b), the average number of ganglion cells on 
each side was 120 (35-235) in the monkey and 44 (12-96) in the 
cat. Some of the cells were surrounded by mantle-cells. 

Furthermore, after sectioning the accessory nerve just before 
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Fic. 13. Nerve cell clusters in the accessory nerve roots of human adult. 
(Streeter, 1905) 


entering the sternocleidomastoideus, Windle found chromatoly- 
sis in those cells as well as in a considerable number of cells in 
the spinal ganglion of C1. He concluded that these cells in the 
accessory nerve trunk belonged to the same category as those of 
the spinal ganglia. 

However, when Windle and Lozier (1932) severed the elev- 
enth nerve of cat and stimulated the central stump, no sign of 
afferent responses such as observed by stimulation of general 
sensory nerves was noticed and the authors were led to con- 
clusion that the nerve cells in the accessory trunk must convey 
exclusively proprioceptive impulses from the muscles. Windle 
accepted the co-existence of both the first and second pathways 
(Fig. 14). 

(3) The third viewpoint denies the anastomoses between ac- 
cessory and cervical nerve roots inside the vertebral canal. The 
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Fic. 14. Pathway of afferent neurons in the accessory nerve. (Windle, 


1931) 


eleventh nerve itself is regarded as purely motor in nature, at 
least in its proximal part around the jugular foramen. Anasto- 
moses occur only in the more peripheral part and some sensory 
fibers deriving from ventral rami of the upper cervical nerves 
are considered to join the accessory nerve and through them 
reach the target muscles. There may be also some sensory fibers 
which innervate the muscles directly from cervical nerves. 

This viewpoint was advocated by Corbin and his school. At 
first Hinsey and Corbin (1934) threw doubt upon the second 
theory, when, after removing the spinal ganglion of C1 of the 
cat, they found no degenerated fibers in the accessory nerve 
trunk at the middle between the jugular foramen and the sterno- 
cleidomastoideus. 

Subsequently Corbin, Lhamon and Petit (1937) got the same 
negative result after removing the spinal ganglion of C2 of the 
monkey, while they saw a few degenerated fibers in the hypo- 
glossal nerve. Thus they intended to look for a new pathway for 
transmitting afferent impulses from the accessory musculature 
by means of degeneration experiments and the electro-physio- 
logical method (Corbin and Harrison, 1938, in cats; Yee, Harri- 
son and Corbin, 1939, in rabbits). They were not able to record 
action potentials, by stretching the sternocleidomastoideus, in 
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the accessory nerve trunk just below the jugular foramen, while 
they noticed clear responses in the ventral rami of the upper 
cervical nerves. The degeneration experiments also testified to, 
and elaborated on, this conclusion (Fig. 15). 
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Fic. 15. Sensory fibers from upper cervical nerves innervating the acces- 
sory musculature. 

a: Cat. (Corbin & Harrison, 1938) 

b: Rabbit. (Yee, Harrison & Corbin, 1939) 

















Nothing can be said as yet about the nucleus for receiving pro- 
prioceptive impulses from the sternocleidomastoideus and trape- 
zius. However it is probably noteworthy that many authors 
mentioned the close relationship between the ascending fibers 
from dorsal roots of upper cervical nerves and the nucleus soli- 
tarius (Windle, 1931-a; Ranson, Davenport and Doles, 1932; 
Corbin and Hinsey, 1935; Corbin, Lhamon and Petit, 1937; Yee 
and Corbin, 1939). 

According to them, some fibers from the upper cervical dorsal 
roots ascend medialward in the cuneate fasciculus, turn rostrally 
and continue to the inferior end of the solitary tract, so as to 
end in its nucleus. Though interesting, it is not an easy problem 
to decide whether or not the nucleus solitarius is concerned with 
the proprioception of the accessory musculature. 
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VII. Sensory Innervation of the Lingual Muscles 
1. Sensory nerve endings in the lingual muscles 


Although many papers have been published on the propriocep- 
tive innervation of lingual muscles, a kind of uncertainty still 
prevails, just as in the case of other muscles discussed in the fore- 
going chapters. Even with regard to the sensory nerve endings, 
some authors have described muscle spindles, whereas others 
failed to find them in spite of their careful investigations. There 
must be a considerable variability among different animals and 
individuals. One may wonder what kind of physiological signifi- 
cance is to be attributed to such variable or labile structures. 

The following authors did not see muscle spindles in the 
lingual muscles: Sherrington (1894, cat, monkey), Batten (1897. 
man), Cipolonne (1897, man), Baum (1900, man), Boeke (1927, 
mouse, rat, echinus), Hewer (1935, man), Carleton (1938, 
rabbit, chameleon, ant-eater), Yee, Harrison and Corbin (1939, 
cat, rabbit, monkey, rat, man, guinea-pig, opossum), Cooper 
(1953, cat) and others. Weddell, Harpman, Lambley and Young 
(1940, rabbit, rat), as well as Boyd (1941, rabbit), also found no 
muscle spindles, but they encountered some atypical, probably 
sensory nerve terminations in some of the extrinsic lingual 
muscles (m. genioglossus etc. ). 

Authors who had the opportunity to see muscle spindles in the 
tongue musculature are as follows: Franqué (1890, man), Pilliet 
(1890, man), Forster (1894, man), Gregor (1904, human stylo- 
glossus), Kiyono (1911, human intrinsic lingual muscle), Lang- 
worthy (1924, cat, dog, pig, opossum, rat), Hatano (1925, man, 
dog), Stéhr (1928, man), Schaffer (1933, man), Tarkhan (1936, 
rabbit), Nakayama (1944, man), Cooper (1953, man, monkey, 
genioglossus of a young goat), and others. 

According to Nakayama (1944), who examined the lingual 
muscles of the human fetus with Bielschowsky’s silver stain, 
spiral endings of the muscle spindle appeared first in the tenth 
fetal month. He saw them with the frequency of one spindle in 
every two preparations, of which the size was 12 < 1.5 cm. Nerve 
fibers concerned were several times as thick as the motor fibers. 

Muscle spindles in the hyoid muscles, especially of the supra- 
hyoidal group, were partly referred to in the sections II and III. 
Among the infrahyoid muscles, m. sternothyreoideus (Baum, 
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1900 etc.) and omohyoideus (Forster, 1894) are known to be 
equipped with spindles. Also in the sternohyoideus and thy- 
reohyoideus, muscle spindles were found and a detailed numeri- 
cal investigation was made (Table 2). 


2. Sensory pathway from the lingual muscles 


Three routes seem reasonable as the peripheral course of pro- 
prioceptive impulses from the lingual muscles. 

(1) The hypoglossal nerve itself may mediate the afferent 
impulses. This possibility was proposed by Langworthy (1924-a, 
b), who stated that muscle spindles found in the tongue muscu- 
lature disappeared by sectioning the hypoglossal nerve root. 
Then Tarkhan (1936-a, b) cut the same nerve in the rabbit and 
found afterward a few undegenerated nerve fibers in its intra- 
muscular branches. At the same time he found nerve cells scat- 
tered around the site of branching of the ramus descendens and 
regarded them in association with the above mentioned unde- 
generated fibers, attributing to them the mediation of propriocep- 
tive impulses. 

Although Carleton (1938) tried the same experiment in the 
rabbit and failed to find undegenerated fibers, Tarkhan and 
Abou-El-Naga I (1947) extended their study to dogs and con- 
firmed Tarkhan’s earlier work. At the same time they noticed 
that removal of the inferior (nodosal) ganglion of the vagus 
nerve provoked degeneration in some peripheral fibers of the 
twelfth nerve, implying quite a new conception of the pathway 
of afferent fibers contained in this nerve trunk. According to 
them, removal of the superior (jugular) ganglion did not show 
any degenerative change at all in the hypoglossal nerve. 

Some authors observed that stimulation of the central stump 
of the cut hypoglossus nerve produced various reflex responses 
like changes in the pupillary size, blood pressure or the nictating 
movements, and interpreted this phenomenon as proving the ex- 
istence of afferent fibers in this nerve (Acheson, Rosenblueth & 
Partington, 1936: Downman, 1939). 

Ganglion cells described by Tarkhan (1936) in the rabbit's 
hypoglossal nerve had been mentioned previously by Lang- 
worthy (1924-a, b), who, however, thought they were too scanty 
to take responsibility of proprioceptive innervation of lingual 
muscles. While Boyd (1937, 1941), Carleton (1938), Yee, Har- 
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rison and Corbin (1939), and Weddell et al. (1940) failed to find 
such nerve cells in the rabbit’s hypoglossal nerve, Pearson 
(1943-b, 1945-a) noticed bipolar cells among the hypoglossal 
nerve root fibers inside the brain stem of a human embryo, and 
Tarkhan and Abd-El-Malek (1950), after the careful examina- 
tion of the whole extent of hypoglossal nerves of rat, rabbit, cat, 
dog, and man, found clusters of several to some eighty nerve cells 
in nearly half of the examined cases (in 28 among 74 sides). 
Occasionally even a ganglion of more than one hundred cells was 
encountered. 

These cell clusters found in the hypoglossal nerve trunk natu- 
rally remind us of the Froriep’s ganglion or ganglion hypoglossi. 
Originally the so-called hypoblossal nerve is represented by the 
ventral root of the occipital spinal nerve, the dorsal root of which, 
although usually disappearing completely, sometimes is pre- 
served in the pig, ox, deer, dog, bear, musk-cat etc. as the dorsal 
hypoglossal root. When the ganglion is preserved also on this 
root, it represents the Froriep’s ganglion (Froriep & Beck, 1895; 
Beck, 1895). Naturally the ganglion of Froriep lies in the close 
vicinity of the brain stem, while the nerve cells described by 
Tarkhan et al. are distributed along the peripheral course of the 
hypoglossal nerve. 

(2) Barron (1936), through his electro-physiological studies 
in the cat and rabbit, was led to the conclusion that the pro- 
prioceptive impulses from the tongue musculature are conducted 
by the lingual nerve, a branch of n. mandibularis of the trigem- 
inal nerve. He never succeeded in recording action potentials in 
the hypoglossus nerve trunk, even when any kind of stimulation 
was added to the tongue. On the contrary, electro-physiological 
responses were obtained in the lingual nerve by stretching the 
tongue. Similar responses were recorded also in the chorda tym- 
pani as well as in the n. intermedius only when the tongue was 
stimulated chemically with M/20 solution of HCl, M/40 solu- 
tion of NaOH, NaCl etc. 

Barron supposed that the nerve cells concerned with lingual 
proprioception would be located in the semilunar ganglion or in 
the nucleus of the mesencephalic fifth tract. It is possible, how- 
ever, that the afferent impulses Barron recorded were derived 
not from the muscles but from mucous membranes of the tongue. 
Maloney and Kennedy (1911) reported clinical cases, where 
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the removal of semilunar ganglion still left some deep sensibili- 
ties in the face and tongue, which they explained by saying 
sensory fibers travel via the sympathetic nerves. 

According to Weddell, Harpman, Lambley and Young (1940), 
who examined the difference in sensation mediated by the lin- 
gual nerve and inferior alveolar nerve, the complete anesthesia 
of both nerves did not cause any sign of ataxia of the tongue. It 
was also shown by degeneration experiments in rat and rabbit 
that some autonomic fibers from the superior cervical ganglion 
run in the twelfth nerve so as to innervate the blood vessels of 
the tongue. 

(3) Authors who support the third viewpoint attribute the 
role of mediating lingual proprioception to the sensory fibers de- 
rived from the upper cervical nerves. In the last century, Sher- 
rington (1894) showed, by removing the spinal ganglia of the 
monkey and cat, that the hypoglossal nerve contained some af.- 
ferent fibers from the spinal ganglia. 

Afterwards Van der Sprenkel (1924) traced peripherally the 
fibers from the echidna’s spinal ganglion of C2 and found that 
some were distributed through the descending ramus of XII to 
the thyreoglossus, hyoglossus, styloglossus etc. 

As regards the serial works by Corbin et al, it was at first 
reported that, after removing the ganglion of Ci—-C4, no degen- 
erated fibers were encountered in the cat’s hypoglossal nerve 
(Hinsey & Corbin, 1934). Although a few fibers (1-2%) under- 
went degeneration in the similar experiment on the monkey 
(Corbin, Lhamon & Petit, 1937), electro-physiological study in 
cats detected afferent responses by stretching the tongue neither 
in the hypoglossal trunk, n. lingualis nor in the cervical nerve 
roots (Ci-C3) (Corbin & Harrison, 1938). 

Thus they were obliged to conclude that the proprioceptive 
innervation of the tongue musculature peculiarly had nothing 
to do with any of the peripheral nerves, although they did not 
deny the possibility that the fibers in question might be too thin 
or scarce to be found by the ordinary degeneration method or the 
routine electro-physiological technique. 

On the other hand Boyd (1937, 1941) studied the rabbit’s 
lingual muscles as well as hypoglossus nerve and, considering 
also the relevant literature carefully, concluded that the upper 
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cervical nerves should represent the only possible way for trans- 
mitting the proprioceptive impulses from the tongue. 

As if encouraged by this statement, Yee, Harrison and Corbin 
(1939) did experiments on the rabbit and repeated the observa- 
tion of Corbin, Lhamon and Petit in the monkey (1937), cor- 
roborating the existence of a few degenerated, medium-sized 
fibers (1-5%) in the peripheral course of the twelfth nerve after 
removing the spinal ganglion of C1. Thus it seems to be fairly 
probable that at least some sensory fibers from the upper cervical 
nerves are participating in the afferent innervation of the tongue 
musculature (Fig. 16). 
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Fic. 16. Sensory fibers from the first cervical nerve to join the hypoglossus 
nerve. Rabbit. (Yee, Harrison & Corbin, 1939) 


Concerning the fact that the tongue muscles receive afferent 
innervation from a higher cervical nerve (C1) than the accessory 
musculature (C2—C3), Yee, Harrison and Corbin explained that, 
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since the hypoglossus and accessorius nerve originally correspond 
to precervical and cervical segments respectively, it is rather 
natural that the hypoglossus co-operates with the higher cervical 
nerve than the accessorius. 

Nothing definite is known about the secondary pathway in the 
brain stem for the proprioceptive impulses from the tongue 
muscles. Ascending tracts from the upper cervical nerves were 
mentioned in the last section. 


In Conclusion 


After reviewing the problem of proprioceptive innervation of 
muscles in the territory of cranial nerves, the author cannot but 
renew his wonder how so many questions and uncertainties re- 
garding every detail of structure and function of human as well 
as animal bodies still exist. 

Such factors as those mentioned in the preface have without 
doubt retarded progress of anatomical and physiological know}- 
edge in this field. At the same time, something like the following 
should be admitted. Namely, authors who for instance have 
much knowledge about the morphology of nerve endings are 
generally not so good in the technique or interpretation of de- 
generation or physiological experiments, whereas those who are 
experts in physiological experiments are sometimes apt to be a 
little careless about the accurate topographical descriptions etc. 
Thus the integrative conclusion obtained cannot always avoid 
some uncertainties or obscureness. 

If the authors of various specialties could work in really close 
co-operation with each other, it should not be difficult to arrive at 
more definite conclusions, even if limited to the techniques and 
methods which we already have. Needless to say, new methods 
and techniques should be devised and employed also. If, for in- 
stance, some electron-microscopical or histochemical method is 
found to distinguish the motor, sensory and autonomic nerve 
endings and cells, it will present a big help in solving the prob- 
lem. Before long it might become possible to discriminate accu- 
rately various kinds of afferent impulses by the electro-physio- 
logical method. 
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CANCER OF THE LUNG 1930 TO 1960: 
A REVIEW* 


R. H. Rigbon AND HELEN KirRcHOFF” 


One hundred years ago cancer of the lung was practically un- 
known. Fifty years ago it was a rare disease. Today this cancer 
has the highest neoplastic mortality rate in the male. As Oniugbo 
(304) so aptly wrote in his review of lung cancer in the 19th cen- 
tury, “Lung cancer is today a common disease of uncommon in- 
terest.” More has been written about it in scientific literature 
and the lay press than any other neoplastic lesion. 

Cancer of the lung is a worldwide disease as indicated by 
published articles from Austria (83, 217, 366); Australia (60, 
445); Argentina (117, 244); Belgium (82); China (184); Can- 
ada (40, 209, 267); Czechoslovakia (195); Denmark (62, 63); 
England (31, 36, 199, 200, 201, 314, 408) ; Finland (216) ; France 
(84, 127, 224, 226, 361) ; Greece (325); Germany (123, 145, 238, 
239, 281, 333, 370, 455); Iceland (108); India (131); Italy (81, 
236, 237, 322, 428); Japan (285); Mexico (2); the Netherlands 
(211, 212, 291); Norway (218, 219); the Philippines (385); 
Portugal (421); Pakistan (190); Russia (380); Sweden (353); 
Switzerland (146, 147); South Africa (130); and. the United 
States (45, 54, 98, 99, 100, 124, 260, 297, 356, 402, 403, 438). 
However, the frequency of death from cancer of the lung differs 
in different countries as shown by data compiled in 1955 by the 
World Health Organization (313). The incidence rates differ as 
shown by the study of 10 cities in the United States for the years 
1938 to 1948 (54). No pulmonary carcinomas were observed in 
autopsy studies in South Africa in 1934 (412), Ceylon in 1944 
(69), or Trinidad in 1945 (376), but observations made in South 
Africa in 1949 (130) showed the presence of this cancer. 

Bayle (22), a Frenchman, was the first to report a case of can- 
cer of the lung in 1810. In 1851 Storer (411) published the first 
case in the United States. By 1893, 132 cases had been collected 
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from the literature (339), but of these Passler (319) accepted 
only 70 as authentic. From 1900 to 1930 many statistical studies 
based on autopsies were reported and all showed that cancer of 
the lung was progressively increasing (340). In 1927 Weller 
(441) referred to the increase as “epidemic.” By 1930 no one 
could deny that cancer of the lung was on the increase—but was 
this a real or only apparent increase? Investigators had tried to 
establish this point before 1930 (339) and in 1930 Homann (180) 
reviewed the available literature and concluded that the increase 
was only apparent. In 1933 Hamman (159) said there were not 
sufficient data to settle the dispute and noted that two authors, 
Rosahn and Fried, using the same statistical material, arrived at 
opposite conclusions. Rosahn wrote that the postmortem inci- 
dence of primary carcinoma of the lung was steadily increasing 
and the increase was real and absolute, while Fried stated that 
the increase was very likely more apparent than real. Sweany 
(414) in 1934 thought that much of the tenfold increase in lung 
cancer during the past 50 years could be accounted for by the 
increased life expectancy, the increased knowledge of certain 
diseases. such as tuberculosis and bronchiectasis, the tremendous 
effect X-ray and the bronchoscope had on diagnosis, the increased 
zeal on the part of the medical profession and laity, and the 
pathologist’s changing attitude towards metastases and sarcomas. 
Fried (125) also thought the increase might be due to progress in 
hygiene and preventive medicine resulting in increased longev- 
ity. In 1935 Neely (288) said that it was very likely that the 
increase was more apparent than real and probably due to a 
combination of factors. 

In 1937 Frissell and Knox (126), based on data from autopsies. 
also concluded that the increase in lung cancer probably was ap- 
parent rather than real. Jaffe (193) concurred in this opinion. 
El-Gazayerli (111) in 1936 thought it premature to say whether 
the increase of lung cancer was real or only apparent. Klotz 
(209) in 1938 wrote that much of the increase was apparent. In 
1943 Johnson and Reinhart (196) found 66 lung cancer cases in 
8,333 autopsies performed during the years 1917 to 1940; they 
felt the increase was “more relative than absolute” even though 
their data showed only four lung cancer cases for the years 1917 
to 1922 and 37 for the years 1937 to 1942. 
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Better diagnosis and the aging of the population were the cause 
of the increase in lung cancer according to Macklin (253) and 
Peery (321) in 1940. Dorn (98) in 1943 said, “The reported in- 
crease in the death rate from respiratory cancer is due primarily 
to an increase in late adult life.”” From a study of the incidence of 
Jung cancer in Denmark made in 1948, Clemmesen and Busk 
(62) thought the more frequent detection of the disease was due 
to the improvement of diagnostic procedures and increased at- 
tention. In 1948 McEwen (264) considered the aging population 
the greatest factor in the increase of this neoplasm in Canada. 
In the same year Fried (124) restated his opinion that the in- 
crease was in all likelihood more apparent than real. 

On the other side of the controversy, Craver (72) in 1935 felt 
that cancer of the lung was actually on the increase. In 1937 
Simons (384) wrote, ““The incidence of the disease has increased 
both absolutely and relatively.’”” Menne and Anderson (271) in 
1941 found an absolute increase in their study made in the Pacific 
Northwest. In the same year Ochsner and DeBakey (297) stated 
that the frequency of lung cancer was absolutely increasing. Some 
of the other writers who felt that the increase was real were 
Rosahn (357) in 1930, Wallace and Jackson (432) in 1943. 
Mandell (256) in 1947, McConnell et al. (261) in 1952, and 
Rakov (332) in 1957. 

Rosenblatt and Lisa (359), writing in 1956, said there “has 
been a dramatic upswing since 1925 in the incidence of lung 
cancer but it is not realistic to compare incidence statistics of the 
present with those of three decades ago, when the means to diag- 
nose the disease were not available. Although much of the in- 
creased incidence of lung cancer is relative, i.e., due to improved 
diagnostic methods, a considerable part of the increase is real. 
Lung cancer is a disease of late life, and the number of potential 
candidates is steadily increasing. In 1900 there were only three 
million people aged 65 or over in the United States, while at 
present there are 13 million. It is estimated that the number will 
reach 20 million by 1975... . The incidence of lung cancer ap 
parently increased to a greater extent than other cancers because 
of its more recent recognition, After a period of years its rate of 
increase will undoubtedly become smaller.” 

The question—Is cancer of the lung actually on the increase, 
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and if so to what extent?—-remains unanswered. Dorn (101) in 
1954 said there were no reliable data related to it and the answer 
must be largely a matter of opinion. McKenzie (265) stated in 
1956 that it could not be answered in retrospect. Discussing this 
in 1959 Cornfield et al. (70) pointed out, “‘The vital statistics and 
the necropsy data that support the presumption of a real increase 
in lung-cancer risk certainly apply to the years after 1920. Be- 
cause of the uncertainties associated with changes in diagnostic 
accuracy, no firm conclusions can be reached on whether the rate 
of increase in lung-cancer mortality has, in truth, accelerated 
since 1920.” 

“Nowhere,” said Macklin (254) in 1948, “has there been more 
muddled thinking than on the question of whether lung cancer 
has increased or not. The question has been impossible to answer 
because we have no standard comparison.” It is not difficult to 
understand this confusion when we remember that the basic data 
of mortality incidence come from death certificates (102). In 
1936 Kennaway and Kennaway (202) warned against the use 
of death certificates for statistical purposes. Although Bonser and 
Thomas (37) found only a small error in the certification of lung 
cancers in a study made in Leeds in 1955, they concluded. “The 
reasons for the errors are partly due to ambiguity of wording of 
the certificates, partly to mis-diagnosis and partly to the inter- 
vention of other causes of death.” 

It was 1933 before we had nationwide death reporting in this 
country and 1939 before bronchogenic carcinoma was listed as 
such in our vital statistics. Gilliam (134), Chief of the Epidemi- 
ology Section of the National Cancer Institute, pointed out in 
1955, “The International Lists of Causes of Death did not sepa- 
rately list cancer of the lung and pleura, or even cancer of the 
respiratory system as a whole, until the Fourth Revision—first 
used in 1930... . Prior to 1930 the term bronchogenic carcinoma 
was lumped with 90 other cancers of various sites. Between 1930 
and 1938, when this diagnosis appeared on a death certificate, it 
was tabulated with cancer and other malignant tumors of other 


respiratory organs (47C) that is, with tumors other than those 
designated as larynx (47A) or as lungs and pleura (47B). It was 
not until the Fifth Revision came into use in 1939 that deaths 
which physicians charged to bronchogenic carcinoma were sep- 
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arately identified in official statistics.” According to Milmore 
(276) of the United States Public Health Service, it is impossible 
to obtain the number of deaths attributed to bronchogenic carci- 
noma prior to 1939. Prior to 1930 it is not even possible to obtain 
the total deaths from bronchogenic carcinoma plus any combina- 
tion of respiratory system cancers. This, of course, would magnify 
the apparent recorded increase in lung cancer mortality from 
1939 to the present time when compared with the years before 
1939. 

Regardless of whether the increase is only apparent or real. in 
1960 cancer of the lung ranked first as the cause of death from 
cancer among men. Clemmesen, according to Gsell (146), ex- 
pressed the opinion that there will be a sixfold increase of bron- 
chogenic carcinoma for the year 1990 based upon the data of 
1950. However, Dorn’s (99) statistical studies reported in 1953 
indicated that the increase in mortality from lung cancer was 
slowing down. Between 1940 and 1950 the rate of increase in mor- 
tality declined and was only one-half that of the previous decade. 
Gilliam (134) reported in 1955, “I have previously stated that the 
rate of increase in recorded mortality was greatest in this country 
between 1914 and 1930 and that it has been declining since.” 
Haenszel and Shimkin (155) concluded from a study made in 
1956 that there would be a slowing down of the past lung cancer 
rate by 1965 and 1975. 

Etiology 

As cancer of the lung increased, the search for its etiology was 
intensified. Before 1900 lung cancer was associated with such 
factors as tuberculosis, syphilis, pulmonary scarring and heredity 
(339) and Bruen (49) in 1885 suggested irritation as a cause. In 
1892 Osler (309) commented on the high incidence of this can- 
cer among the cobalt miners. At the beginning of the 20th cen- 
tury exogenous agents were beginnig to be considered seriously 
and these were discussed in our review of lung cancer from 1900 
to 1930 (340). Cancer of the lung was observed to be more fre- 
quent among certain industrial workers, but the total number of 
such cases accounted for only a small proportion of the increase 
in pulmonary neoplasms. 

Lehmann (228) in 1932 apparently was the first to report the 
occurrence of lung cancer among chromate workers, Additional 
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observations support this association (18, 30, 46, 144, 185, 252, 
324). The only form of lung cancer officially recognized in Great 
Britain as an industrial disease is that caused by nickel produced 
by the decomposition of a gaseous nickel compound (85). Other 
investigators have reported pulmonary cancer in nickel workers 
(58, 86, 138, 245). Uhlig (425) in 1921 apparently was the first 
to suggest that the higher incidence of lung cancer in the Schnee- 
berger miners was due to the radioactivity of the ore. Others have 
concurred in the opinion of the role of radioactive ores in the pro- 
duction of pulmonary cancers (186, 187, 323, 383). In Japan, 
workers at i//uminating gas generators have shown a high inci- 
dence of lung cancer (198, 222). Similar observations have been 
made in England (87, 201). The first case associated with asbes- 
tosis was reported in the United States in 1935 by Lynch and 
Smith (250). Similar cases have been observed in England (88, 
272, 391) and in the United States (449). Wegelius (440), how- 
ever, did not find any cases of lung cancer associated with as- 
bestosis in Finland. 

There is some suggestion that iron workers under certain con- 
ditions may have a high incidence of lung cancer (44, 279, 334, 
423. 430, 450). However, Doll (89) failed to find any relation be- 
tween “hot metal” workers and the frequency of lung cancer. 
There is considerable controversy as to whether cancer of the 
lung may be a manifestation of arsenic poisoning (175, 188, 392, 
400). Vallee et al. (427) in 1960 stated, “The production of 
arsenical cancer in animals has never been satisfactorily demon- 
strated.” Kennaway and Kennaway (201) in 1947 observed a 
high mortality from lung cancer in men exposed to dust from 
tarred roads and exhaust from motor vehicles. Such a relation, 
however, was not observed by Wynder and Graham (450), Doll 
(89), or Raffle (331). The first case of lung cancer associated 
with berylliosis was reported from Germany in 1954 (197). Less 
frequent observations on lung cancer have been made on metal 
grinders (202), or in association with pneumoconiosis (188) and 
printers’ ink (13). 

The role of smoking in lung cancer, although suggested before 
1900. continued to be the burning question between 1930 and 
1960. Lickint (240) in 1930 and Hoffman (177) in 1931 cited 
tobacco as the etiology of lung cancer. In 1932 Brockbank (48) 
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pointed out that ordinary home dust, road and trade dusts, tar 
petrol. radioactive gases, gaseous arsenical compounds, irritant 
vapors in chemical plants and laboratories, poison gases and 
tobacco smoke had been cited as etiological factors, but in his 
opinion only tuberculosis, influenza, chronic bronchitis and in- 
halation of irritant substances warranted serious consideration. 
Boycott (39) felt “environment as a whole had become less car- 
cinogenic but that there were more tarred roads, more petrol 
engines being used. and more tobacco smoked, and whatever the 
agent, it produced lung cancer more frequently in men than 
women.” 

McNally (266) in 1932 called attention to the fact that the 
increase in lung cancer paralleled the increase in the consump- 
tion of cigarettes and said “because of this, one is certainly led 
to believe that cigarette smoking is an important factor in the 
increase in the frequency of the disease.’””’ However, in 1934, 
Sweany (414) said, “If there is any merit in this theory it should 
be manifest with the female sex. where the increase in the use 
of cigarettes has been greater than in men. If, for example, the 
ratio of men to women 20 years ago was 3 to 1 and now it is 1.5 
to 1, the case is well nigh proved; so far no such increase in ratios 
has appeared. The sex ratio was, and still is, around 3 males to 1 
female, similar to other malignant conditions other than those of 
sex difference. On the other hand, there are many patients with 
lung cancer who do not give a history of cigarette smoking at all.” 
In 1957, 27 years later, Clough (65) said that a leveling off of 
the lung cancer rate in man and a rapid increase in females could 
be expected during the next two decades if the apparent carcino- 
genic effect of smoking is real. Rosenblatt and Lisa (359) in 
1956 stated, “One of the arguments put forth in favor of the 
smoking theory is the prevalence of the disease in males, attribut- 
ing the sex difference to their heavier smoking habits. Although 
the incidence of smoking among females has steadily increased 
since World War I, the ratio of lung cancer between sexes is still 
predominantly in favor of the males. This has occurred despite 
the increased incidence of the disease in women. If smoking were 
of etiological significance there should have resulted some de- 
crease in the sex ratio over a period of years. However, recent 
statistical studies show the ratio to have actually increased.” 
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Fried (124) commented, “The peculiar selectivity of bronchio- 
genic cancer for the male has not been adequately explained. 
Some authorities incriminate smoking of cigarettes. This ex- 
planation, though attractive for its simplicity, is hardly plau- 
sible.” 

In 1933 Ferrari (116) thought the carcinogenic properties of 
the tar in tobacco smoke might account for the higher incidence 
in men, but Hruby and Sweany (183) thought that while dis- 
ease, smoke, dust and modes of living might have been the cause 
of some of the increase in lung cancer, better diagnosis and 
changed conditions contributed the most. In 1936 Arkin and 
Wagner (11) said inhalation of tobacco smoke was an important 
factor in producing chronic irritation and both Fleckseder (123 
and Roffo (355) attributed the high percentage of lung cancer in 
men to smoking. However, Passey and Holmes (314) reported 
that their experimental work did not support the claim that to- 
bacco smoke was an etiological factor and asked, “Tf in reality this 
was the main determining cause of the so-called increase in lung 
cancer, how can the supporters of this theory explain the fact that 
cancer of the tongue. larynx and pharynx have not increased in 
proportion to the increase which they claim to detect in the case 
of the lung, which after all, is the last part of the respiratory tract 
to be exposed to the influence?” Craver (72) noted that the ap- 
parent actual increase of cancer of the lung had been attributed 
to a change in the quality of atmospheric dusts filled with com- 
bustion products of gasoline and particles from tarred roads and 
stated that the effects of respiratory infections, chronic bronchitis 
and bronchiectasis and possibly influenza were also possible fac- 
tors. Kennaway (202) made a study of the comparative incidence 


of lung cancer in various occupations and found that workers 
exposed to coal gas and tar and those engaged in the preparation 
and sale of tobacco tended to show an increased prevalence of 


cancer of the lung. but “no special occupations have been found 
to which the increase in the total cases of cancer of the lung can 
be attributed; rural workers show an increase which is not much 
less than that in the general population. . . . Coal tar in the 
atmosphere does not cause an exceptionally high incidence of 
cancer of the lung.” 

In 1937 Simons (384) wrote, “Tobacco smoke as a lung irri- 
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tant may be considered among possible causes of pulmonary 
carcinoma but cannot be counted an important one in the present 
state of information.” Along the same vein, an editorial in a 1937 
issue of the Journal of the American Medical Association (109) 
said that the injurious effects of tobacco smoking, exhaust gases 
from automobiles, tar on roads and the influenza epidemic of 
1918 to 1919 have been accused of contributing to the increased 
incidence of lung cancer but “none of these can be accepted as 
definitely causative.” In 1938 Bauer (21) said no evidence could 
be found to indicate that heredity, chronic infections, such as 
tuberculosis and syphilis, an antecedent attack of influenza or 
pneumonia. or the use of tobacco were factors in causing this neo- 
plasm. Klotz (209) thought it appeared highly probable that 
chronic irritation of the respiratory tract was of significance and 
that trauma, bacterial, physical and chemical agents were all in- 
criminated. According to Boland (35) in 1938 there was no more 
evidence that cancer of the lung is produced by tobacco any more 


than there was evidence that it is not. 

In 1939 Muller (281) concluded that the great increase in to- 
bacco consumption was primarily responsible for the increase in 
pulmonary cancer of the lung but that the presence of carcino- 


genic agents besides smoking was also indicated. Also in 1939 
Metropolitan Life Insurance Company statisticians (273) said 
that if smoking were of appreciable etiologic significance the 
death rate might be expected to increase more rapidly among 
women than among men but the reverse was the case and at the 
present (1939) it appeared doubtful that smoking was a factor of 
etiological importance in cancer of the lung. However, Ochsner 
and DeBakey (298) said the increase in smoking with the uni- 
versal custom of inhaling was probably a responsible factor. 
Assman (14) thought that prolonged chronic stimulation of 
bronchial mucosa by tobacco smoke could initiate the develop- 
ment of a cancer. 

In 1940 Hammond (160) attributed the higher rate of lung 
cancer in the male sex to the excessive use of tobacco but thought 
that other irritating elements, such as chemical, mechanical, bac 
terial, thermal and radioactive agents, might be a contributory 
factor. Menne and Anderson (271) felt that the increased con 
sumption of tobacco by men, as compared to that by women, was 








474 Rigdon and Kirchoff 


of great significance in the etiology of lung cancer. In 1940 Mack- 
lin and Macklin (255) wrote that the evidence available did not 
warrant the assumption that primary lung cancer was due to 
chronic inflammation. 

Ochsner and DeBakey (297) in 1941 again expressed their 
conviction that there was a significant relationship between the 
increased incidence of cancer of the lung and the increased pro- 
duction of tobacco. Wallace and Jackson (432) related the in- 
crease in bronchogenic carcinoma in women in the past several 
decades to their increased smoking habits. Grace (139) in 1943 
said the carcinogenic agent in the tar of tobacco smoke might be 
the causative factor in some biologically susceptible individuals. 
In 1946 Ochsner (299) said, “Whereas undoubtedly smoking is 
not the only cause of lung cancer, it is the most important, and 
were it not for the constant and continued irritation from pro- 
longed smoking, cancer of the lung would develop in relatively 
few cases.” In 1947 Ochsner et al. (300) reversed the decision of 
Ochsner and DeBakey (297) by stating “both occupation and 
smoking which have been particularly emphasized by some ob- 
servers as possible etiologic factors and which we were inclined 
previously to consider more seriously, were found to have no 
special significance” in their study of 412 cases. Kennaway and 
Kennaway (201) said, “The higher mortality from cancer of the 
lung in towns, the low mortality in agricultural occupations, and 
the absence of social gradient are compatible with an etiological 
factor in the air such as coal smoke” but warned that in any com- 
parison of urban and rural areas, the question of facilities for 
diagnosis must be considered. According to Mandell (256) many 
types of lung irritants have been suspected and studied from the 
standpoint of lung cancer etiology, but none could be indicted 
and convicted. 

In 1948 Bradshaw (42) said that there was no experimental or 
clinical evidence to support the theory that the smoking habits of 
men were responsible for the greater incidence of lung cancer 
and Hayden (168) expressed the opinion that there was no 
proved carcinogenic agent known for bronchogenic carcinoma or 
cancer elsewhere in the body. Fried (124) did not think the 
studies of lungs of heavy smokers revealed changes in the bronchi 
or pulmonary parenchyma that could be blamed on smoking. 
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“Excessive smoking,” according to Wynder and Graham 
(451), “and in particular cigarette smoking, over a long period, 
is at least one important factor in the striking increase of bron- 
chiogenic carcinoma.” Levin et al. (233) reported that their data 
suggested, but did not establish, a causal relation between ciga- 
rette smoking and cancer of the lung but that pipe smokers and 
cigar smokers had no more cancer of the lung than did non- 
smokers. Deibert (80) warned against concluding that the recent 
stories implicating excessive smoking, especially cigarettes, tell 
all or most of the story of respiratory carcinogenesis and pointed 
out that since no other environmental factor was considered the 
incorrect impression might be produced that smoking apparently 
represents the only important cause in the production of lung 
cancer; he felt it advisable not to close our eyes to the possible 
existence of other carcinogenic agents. In 1954 Hueper (189) 
concluded that “the existing evidence neither proves nor strongly 
indicates that tobacco smoke, and especially cigarette smoking, 
represents a major or even predominating causal factor in the 
production of cancers of the respiratory tract.” 

Steiner (404) in 1956 said the problem of the etiology of lung 
cancer was greatly complicated by the probability of multiple 
factors. Stocks (409) said that while undoubtedly tobacco smok- 
ing was an important factor in the causation of lung cancer, it 
had not yet proved to be “the cause.” According to Russ (363) in 
1955, if only one in 100 heavy smokers developed cancer of the 
lung, the other 99 must have an immunity to the carcinogen that 
outweighs the susceptibility. In the same year Ornstein and 
Lercher (308) pointed out that since 1875 irritants had been sus- 
pected of leading to changes in the bronchi and so they were not 
impressed by the present controversy. In 1957 Nasr (286) re- 
marked that the evidence presented so far might point to tobacco 
as a suspect but could not afford an “incontrovertible proof” of its 
guilt as a pulmonary carcinogen. In 1956 Lowe (249) reported 
that in his study the differences in the amount smoked between 
patients with respiratory tuberculosis and controls were similar 
to the differences between patients with cancer of the lung and 
their controls as reported by Doll. The percentage of present 
cigarette smokers was approximately the same among the white 
male patients with cancer of the lung, cancer of the larynx, tu- 
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berculosis, and even appendicitis, in a study made by Rigdon 
and Kirchoff (342). In 1956 Rosenblatt and Lisa (359) said. 
“The relationship between the increased incidence and the rise 
in cigarette consumption is purely speculative. .. . The incidence 
of lung cancer appears to be related far more to the diagnostic 
facilities available.” Rigdon and Kirchoff (341) showed the in- 
cidence of lung cancer to be in direct proportion to the number 
of doctors and hospital beds per 100,000 population. 

In their study of cancer in South Africa, Higginson and Oettle 
(174) found the incidence of lung cancer in the Bantu male sig- 
nificantly lower than expected in the white and colored male in 
the United States, but only slightly less than expected from a 
Danish population and said that if the lung cancer among Bantu 
males is to be attributed to cigarette smoking certain additional 
influences must be considered in view of the relatively small 
average amount smoked. In 1957 Wynder (452) stated that 80 
per cent of all lung cancer cases occurring in men would not have 
resulted without tobacco smoking. In 1960 Davies (78) expressed 
the opinion that well over half the cases of lung cancer in the 
United States resulted from cigarette smoking. However, when 
the percentage of smokers is considered along with the frequency 
of lung cancer, it is obvious that the ratio is quite small. Based 
upon the estimate that 80 per cent of men who smoke cigarettes 
(146) and that one of each 10 smokers will die from lung cancer 
(78), the predicted number of deaths will exceed the estimate of 
Cutler and Loveland (76) who predicted in 1955 that, of 1000 
white male smokers now 40 years of age, 12 may be expected to 
develop lung cancer by 60 years of age, 30 by 70 years, and 43 
by 80 years. 

Doll et al. (90) found a distinct relationship in 16 countries 
between cigarette smoking habits in 1930 and the lung cancer 
rates of 1952 to 1954. “The principal exceptions are the U.S.A. 
and Japan, in both of which the mortality is substantially lower 
than would be expected from their apparent level of cigarette 
consumption. For the U.S.A. it has, however, often been sug- 
gested that the habit of throwing away a large unsmoked butt 
may contribute to the relatively low mortality.” This possibility 
was also stressed by Kennaway (203) who made some prelimi- 
nary measurements in England. Factual data for the size of dis- 
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carded butts on a large scale have been lacking until the recent 
report by Hammond (163). 

Passey (315) pointed out in 1957 that medical authorities 
agree that cigarette smoking plays a contributing part in the de- 
velopment of lung cancer, but that what has not been publicized 
is the fact that there is no positive proof that smoking is the 
primary cause—“just because a man dies of lung cancer and also 
smoked during his lifetime, it is not justifiable to call smoking the 
primary cause.” Passey suggested that bronchitis may be the 
primary cause of lung cancer. It is of interest to note that the 
United States has the highest yearly cigarette consumption per 
adult male; England’s rate is less, yet the English have a lung 
cancer death rate of 251 per million while the American rate is 
112. Dutch adult males consume only one-fourth as many ciga- 
rettes as males in the United States, yet the Dutch have a lung 
cancer death rate of 133. Passey also asked why the lung cancer 
incidence in the United States is proportionately much higher in 
the eastern than in the western states; why Wales has a lung 
cancer rate some 40 times greater than other areas of England 
although the bronchial cancer incidence has no corresponding in- 
crease; why the lung cancer incidence began to rise before the 
turn of the century and before the time, the World War I era, 
that cigarette smoking became general. 


Smoking and Cancer of the Lung 


The hypothesis that smoking causes lung cancer is largely 
based on studies comparing the smoking habits of lung cancer 
patients with the smoking habits of patients with other diseases 
or of healthy people and on studies in which the causes of death 
are compared in groups of people whose smoking habits have 
previously been established. Cutler (77) reviewed 14 retrospec- 
tive studies (44, 91, 216, 234, 261, 274, 281, 365, 370, 372, 435, 
439, 451, 453) made between 1939 and 1954 and found that all 
showed a greater risk of developing lung cancer for smokers than 
nonsmokers and a still greater risk for heavy smokers. However, 
the relative risk varied from 1.2 to 36.4 for all smokers and from 
1.9 to 79.0 for heavy smokers. In reviewing these studies, it is 
interesting to note that the percentage of nonsmokers among the 
lung cancer patients varied from 0.5 (91) to 14.6 (372) and 
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among the controls from 4.5 (91) to 31.0 (274). The percentage 
of heavy smokers among the lung cancer patients varied from 
18.3 (372) to 86.4 (451) and among the controls from 9.2 (372) 
to 57.0 (439). Mills and Porter (274) did not give the percentage 
of heavy smokers in their study; however, they found no signifi- 
cant difference between the cancer victims and the controls in 
the percentage of cigarette smokers who smoked one pack or more 
a day. In five studies cigars and pipe tobacco were converted to 
an equivalent number of cigarettes by considering one cigar 
equal to five cigarettes and one pipeful of tobacco to two and one- 
half cigarettes (94, 439, 451, 453), or one ounce of tobbaco a week 
equal to four cigarettes a day (91), or one cigar equal to 10 ciga- 
rettes and one-fourth can of tobacco or less equal to 10 or less 
cigarettes, one-fourth to one-half can equal to 11 to 20 cigarettes 
and one-half can or more equal to 21 or more cigarettes (365). 
Levin (233) said in his study that pipe and cigar smokers had no 
more lung cancer than nonsmokers. 

Mills and Porter (274) said the incidence of lung cancer had 
a more rapid increase in recent years than all other neoplastic 
diseases in adult males. Wynder and Graham (451) noted that 
patients with bronchogenic cancer in their forties and fifties had 
smoked more heavily than those who developed this cancer at a 
later age which might indicate that the greater the irritation the 
sooner cancer will develop in a susceptible person. McConnell 
et al. (261) said that heavy cigarette smoking may be a factor in 
the etiology of lung cancer. Doll and Hill (91) concluded that the 
association between cigarette smoking and lung cancer is real; 
however, they pointed out that it would be a “most unlikely 
event” that tobacco smoking contributed to the development of 
all cases. Schrek, et al. (372) said the relatively low percentage 
of deaths of cancer of the respiratory tract as compared to the 
high percentage of smokers indicated that smoking was at most 
only a weak carcinogenic agent. 

Sadowsky, et al. (365) in 1953 warned that retrospective his- 
tories of smoking are not likely to give a precise account of actual 
past smoking habits and, if smoking is cancer-producing, that 
indulged in just prior to the development of the disease is less 
important than that indulged in at a more remote time. They 
concluded ‘‘aside from the statistical significance and apparent 
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realness of these associations there remains the question of 
whether smoking is etiologically related to lung cancer.” In their 
study an association of about the same degree as that observed 
with lung cancer was shown between cancer of the larynx and 
cigarette smoking. Gsell (146) in 1957 found that 95.6 per cent 
of the cases of laryngeal carcinoma occurred in smokers but 
pointed out there has been no increase in the frequency of car- 
cinoma of the larynx during the last decade. 

Since 1954 six additional retrospective (146, 156, 219, 333, 
373, 454) and four prospective (92, 103, 161, 162) studies have 
been reported. These also show a higher percentage of smokers 
among the lung cancer patients than among the controls and that 
the lung cancer risk is greater for heavy smokers. 

There is some variation in the different studies in the United 
States as to the percentage of the population that smokes. Ham- 
mond and Horn (162) found that 63.5 per cent of white males 
between 50 and 59 years of age smoked and 46.1 per cent of those 
between the ages of 60 and 69 years. Mills and Porter (275) ob- 
served that 77 per cent of white males 20 to 29 years of age 
smoked, 78 per cent of those 30 to 39 years, 80 per cent of those 
40 to 49 years, 75 per cent of those 50 to 59 years, 65 per cent 
of those 60 to 69 years, and 43 per cent of those 70 to 79 years. 
Kirchoff and Rigdon (205) reported the smoking habits of 6,374 
college students in Texas. Of the white male students 15 to 19 
years of age, 35.7 per cent smoked, 30.4 per cent smoking one 
pack of cigarettes a day. Of the white male students 20 to 29 
years of age, 54.2 per cent smoked and of these 57.1 per cent 
smoked a pack of cigarettes a day. In a group of white males 40 
to 49 years old 74.7 per cent smoked cigarettes and of these 24.1 
per cent had smoked one pack a day, 6.7 per cent one and one- 
half pack a day, and 5.5 per cent two packs or more a day for 16 
years or longer (206). 

The pattern of tobacco smoking in the United States, based 
upon 45,000 persons 18 years of age and over, was published by 
Haenszel and Shimkin (157). This is the most comprehensive 
study so far published on this phase of the problem. Of all males 
over 18 years of age, 59.1 per cent reported that they had used 


cigarettes regularly at some time. This apparently is a rather low 
percentage. In a survey made by Kirchoff and Rigdon (206), the 
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percentage of white male present and past ciagarette smokers 15 
years of age and over was 72.1. According to Hammond (163), 
approximately 60 per cent of the men and 30 per cent of the 
women in the United States over 18 years of age smoke cigarettes. 
Doll (93) in 1953 stated that some 95 per cent of men and 42 per 
cent of women in London would be classified as smokers. Since 
smoking is such a common habit and lung cancer is relatively 
infrequent in those who smoke, there must be some as yet un- 
known factors that enter into this mechanism. Rigdon and Kirch- 
off (342) observed that 97.2 per cent of the white males who had 
smoked for 16 years or longer did not have lung cancer according 
to the medical record at the time of their survey. 


Objections to Theory that Smoking is the Cause of Lung Cancer 


In 1958 Cornfield, et al. (70) pointed out, “The growing and 
consistent body of evidence has had no noticeable effect upon the 
viewpoint of a small but important group of individuals who 
would deny a causal role of cigarette smoking in cancer of the 
lung. Among these critics are Little (241) and Hartnett (167), 
spokesmen for the American tobacco industry. Berkson (25, 26) 
has been critical of many aspects of the statistical studies, and his 
reservations are, in part, also evident in papers by Neyman 
(292) and Arkin (12). More general objections by Fisher (119, 
120), Greene (143), Hueper (187), Macdonald (251), Rigdon 
(343), and Rosenblatt (360) have been published.” 

Many conferences were held during the nineteen-fifties to dis- 
cuss cancer of the lung (415) and several official bodies in the 
Netherlands, Sweden, England, the United States and the World 
Health Organization (50, 269, 270, 289, 399, 401, 448) have sup- 
ported the theory of the relation of smoking to lung cancer. “So 
firmly, and even fanatically. is this opinion held in some quar- 
ters,” cited Berkson (27) in 1959, “that to question it is to court 
the charge of being biased, surreptitiously a partisan of the inter- 
ests of the ‘tobacco trust,’ indecisive where ‘action’ is wanted, an 
obstructor of scientific and medical progress, or simply obstreper- 
ous. Such attacks are not pleasant to receive, as I know from 
personal experience, but they are not fatal.” 

Cornfield, et al. (70) discussed recent evidence in the lung 
cancer-smoking controversy and commented upon some of the 
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criticism given by other investigators. One important problem 
discussed in their paper is that referable to inhalation. Lickint 
(239). Breslow, et al. (44) and Schwartz and Denoix (373) 
found the relative risk of lung cancer to be greater among in- 
halers than among non-inhalers, while Doll and Hill (91) found 
no difference between patients with lung cancer who inhaled 
and those that did not inhale. Cornfield, et al. (70), Hueper 
(187), and Macdonald (251) have emphasized that this observa- 
tion by Doll and Hill is contradictory to the smoking-lung-cancer 
relationship. Cornfield, et al. (70) said, “It must be admitted 
that there is no clear explanation of the contradiction posed by 
the Doll-Hill (91) findings, though a number of plausible hy- 
potheses could be advanced.” 

This problem of inhalation becomes a basic factor referable to 
smoking and lung cancer because pipe and cigar smokers usually 
do not inhale and yet they are included in some studies (91, 94, 
365, 439, 451, 453) by converting the number of pipefuls of to- 
bacco and/or cigars into an equivalent number of cigarettes. 
Based on Sadowsky’s (365) method of conversion, a man who 
smokes three cigars a day would be considered, statistically, a 
heavy smoker (30 cigarettes a day). Should the same man also 
smoke 10 cigarettes, he would be classified as a “chain smoker.” 
Some people are old enough today to recall that “‘self-rolled Bull 
Durham” cigarettes were popular before the advent of ‘““machine- 
made” cigarettes. The rate of pyrolysis, and thus the available 
carcinogen, no doubt would be different in the two types of ciga- 
rettes. This factor has not been evaluated in the relationship be- 
tween cigarette smoking and lung cancer. 

Correlations have been made between the recorded deaths from 
lung cancer and the consumption of tobacco. There has been a 
progressive increase in the per capita consumption of tax-paid 
tobacco products in the United States since 1900 (157) ; however, 
the authenticity of death certificates for establishing the cause of 
deaths has been seriously questioned (344, 345, 413). It has been 
pointed out, “If each one of us (physicians) fails to recognize 
only one case of cancer of the lung or makes an erroneous certi- 
fication of death, think what this would mean to our statistics on 
cancer of the lung” (344). Attempts to compare mortality and 
tobacco consumption in different countries are hazardous. In the 
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United States the consumption of cigarettes is much higher than 
in England. However, the frequency rate of lung cancer is higher 
in England than in the United States (363). Doll (95), in com- 
menting on this relationship, said, “It appears that the relation- 
ship between consumption and subsequent death rates is reason- 
ably close, with the exception that the rate in Britain is too high 
and the rate in the U.S.A. substantially too low. To a small extent 
the anomalous position of the United States can be explained by 
the high proportion of young people in its population. A more 
important factor, however, may be that smokers in the U.S.A. 
throw away a larger unsmoked butt than is commonly discarded 
in Europe.” 

The explanation given by Hammond (163), a statistician, for 
the difference in the frequency of lung cancer in the United 
States and England and Wales is somewhat different from that 
given above by Doll. “When cancer kills, it is usually widespread 
in the body at the time of death, and in many cases it is by no 
means easy to ascertain the site of origin of the disease. These 
facts suggest the following hypothesis. When cancer is present 
at the time of death both in the lungs and in other parts of the 
body and the primary site cannot be determined with accuracy, 
there is a tendency in England and Wales to record lung as the 
primary site and a tendency in the United States to record some 
other organ as the primary site.” Data such as this, in our opin- 
ion, would be unsatisfactory for scientific evaluation. Data at 
present, according to Hammond (163), do not support the hy- 
pothesis that a substantial part of the difference can be attributed 
to variations in the amount of cigarette smoking in the two 
countries. Furthermore, the data at present are insufficient for 
any definite conclusions to be drawn on why reported lung can- 
cer death rates are so much higher in England and Wales than in 
the United States (163). 

Larson, et al. (225) recently discussed the importance in all 
problems referable to tobacco of an accurate measurement of the 
amount of tobacco smoke consumed by the individual. “There 
may be little pharmacological difference between a smoker who 
deeply inhales the greater part of the smoke of a very few ciga- 
rettes, and one who puffs but a small part of the smoke of a very 
great number, leaving most of his cigarettes smouldering away 
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on an ash-tray.” These authors give a classification of cigarette 
smokers according to daily consumption, compiled from 50 indi- 
vidual studies and point out that “any quantitative yardstick 
applied to one smoker is not necessarily valid for another.”’ In 
1872 it was pointed out in England that “to all constitutions to- 
bacco is hurtful when used in excess; and to many constitutions it 
is injurious in any quantity, however small” (268). 

In 1959, Doll (96) compared the data on 187,783 men between 
the ages of 50 and 69 years who died of lung cancer in the United 
States with the data on 24,354 men 35 years of age and over who 
died of the same disease in Great Britain and concluded that the 
association of lung cancer and cigarette smoking is not an artifact 
resulting from the method of study, but that it does not neces- 
sarily follow that smoking causes the disease. He suggested 
(a) that smoking determines the site of cancer appearance, 
(b) that the precancerous condition induces smoking, and 
(c) that smoking and cancer result from a common factor. How- 
ever, according to Doll, the observations cited against the causal 
relationship, (d) the increasing disparity in smoking habits, 
(e) the disproportion between the mortality from lung cancer 
and the cigarette consumption in different countries, and (f) the 
conflict over the effect of inhaling, are not sufficient reasons for 
abandoning the hypothesis of causality. 

In June of 1960 the “smoking-lung controversy” was sum- 
marized by Berkson (28) as follows: “The investigations exhibit- 
ing a statistical relation between smoking and death rates have 
not provided a definite answer to the problem of lung cancer. On 
the contrary, they have raised more questions, and more difficult 
ones, than they were planned to answer. Smokers, in these 
studies, appear to have larger death rates, not only from cancer 
of the lung, but from cancer of many other organs, including 
some remote from the lungs, such as cancer of the prostate, and 
from all classes of other diseases than cancer, as well. If these 
statistical results are not spurious—and it is just possible that 
they are not—and denote an active effect of smoking, they 
promise to reveal fundamental biologic forces of which we are at 
present entirely in the dark, including perhaps ones involved 
with the origin of cancer. This should be reflected in an investi- 
gative program to search out their meaning, a program of scope 
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and intensity adequate to deal effectively with the many complex 
problems that are involved. Vast funds are available today for 
cancer research. A large share of them is at the disposal of organi- 
zations whose spokesmen have committed them to a primary re- 
sponsibility vis-a-vis smoking and cancer. If an appreciable por- 
tion of these funds is not devoted by these organizations to an 
elucidation of the problems posed by the statistical studies, it 
will be a fair interpretation that, however much public notice 
these studies have afforded them, and however strident are the 
declarations of concern with the lung-cancer problem, the sta- 
tistics are not really considered significant. Perceptive minds 
have noted that if one wishes to know what a scientist believes, 
one should not attend to what he says, but to what investigations 
he projects.” In January 1960 Hammond presented his views at 
a symposium after which a newspaper reporter asked, “Have 
you not changed your position?” Actually, he had not changed 
his position, according to Berkson (28), “but perhaps he has 
changed his emphasis. He now gives cancer of the lung and 
smoking only an incidental part in the general effect of ‘the 


air we breathe’.”’ 


Risk of Developing Lung Cancer 


There is a wide variation in the relative risk of developing lung 
cancer as shown previously in Cutler’s (77) study. Dorn (104) 
in 1960 stated that the death rate from lung cancer for men who 
smoked more than a pack of cigarettes per day was 14 times 
greater than the rate for nonsmokers at ages 55 to 59 years, 19 
times greater at ages 60 to 64, and 11 times greater at ages 65 
years or more. The death rate for coronary heart disease among 
regular users of cigarettes is 63 per cent higher than the rate for 
non-smokers (103). Based upon the mortality experience of 
nearly 200,000 veterans who died between July, 1954 and De- 
cember, 1956, Dorn (103) found the death rate for men who 
used tobacco 32 per cent greater than for nonsmokers. Men who 
had smoked regularly only cigarettes had the highest death rate 
of all groups of smokers and 58 per cent greater than the rate for 
nonsmokers, The rate for ex-cigarette smokers was 31 per cent 
greater than that for nonsmokers. The excess mortality of regular 
cigarette smokers was greater for heavy smokers than for light 























Cancer of the Lung 1930 to 1960: A Review 485 


smokers. The mortality ratio for regular cigarette smokers was 
9.85 times that for nonsmokers. The death rate for men smoking 
more than a pack of cigarettes a day was 16 times that of non- 
smokers. Regular cigarette smokers also are subject to an in- 
creased risk of dying from cardiovascular disease, from certain 
respiratory diseases such as bronchitis, pleurisy and emphysema. 
from ulcers of the stomach and duodenum, and cirrhosis of the 
liver. Similar findings in a study made in 1954 for the American 
Cancer Society by Hammond and Horn (162) were the bases for 
the following comment by Berkson (25), “The question raised by 
the findings in the American Cancer Society study of higher 
death rates among cigaret smokers is not ‘Does cigaret smoking 
cause cancer of the lungs?’ so much as it is “What disease does 
cigaret smoking not cause?’ ” 


Pros and Cons of the Smoking Controversy 


Burney (50), the Surgeon General of the United States Public 
Health Service, in 1959 published an article expressing the posi- 
tion the Public Health Service had taken on the cigarette-lung- 
cancer controversy. In this the Surgeon General said, ““The 
weight of evidence at present implicates smoking as the principal 
etiological factor in the increased incidence of lung cancer.” It 
was pointed out by Berkson (29) that this article by the Surgeon 
General “is characterized by an imprecision of language and 
thought that renders inaccurate almost every important point it 
deals with. In particular, it contains some frank errors of omis- 
sion and commission which are misleading with regard to basic 
questions at issue. ... An argument for smoking as a cause of 
lung cancer is advanced on the basis of the lower mortality from 
lung cancer among women. . . . Here it is stated that ‘nonsmoking 
women have about the same lung cancer death rate as non- 
smoking men,’ which, almost certainly, is not true. The death 
rate for men is greater than for women, not only for cancer of 
the lung but for cancer of almost every organ that is comparable 
in the two sexes and for virtually every noncancerous disease 
also. .. . An even less explicable lapse is Burney’s failure to cite 
the experiments performed in the Public Health Service itself . . . 
in which administration of cigarette smoke to mice failed to 
produce lung cancer. The prospective studies show more excess 








486 Rigdon and Kirchoff 


deaths among the smokers from other causes than lung cancer, 
and these other causes are distributed among all classes of disease. 
If the statistical results are not spurious but reflect some real 
biological effect, this points to a generalized, not a local, effect.” 

A variation does occur within the Public Health Service in the 
interpretation of scientific data on smoking and lung cancer. It 
was pointed out, however, by Rigdon (346) that “this govern- 
mental agency should not be criticized because there are differ- 
ences of opinion among its members, but these facts should be 
given to the public when these opinions have been arrived at by 
responsible investigators.” As previously stated, the Chief of the 
Epidemiology Section of the National Cancer Institute (134), 
which is part of the Public Health Service, pointed out in 1955 
that between 1930 and 1938 when the diagnosis of bronchogenic 
carcinoma appeared on a death certificate it was tabulated with 
cancer and other malignant tumors of other respiratory organs. 
It was not until 1939 that deaths which physicians charged to 
bronchogenic carcinoma were separately identified in official 
statistics. The Surgeon General also did not discuss the variations 
in the relative risk for developing lung cancer, from 1.2 to 36.4 
for all smokers and from 1.9 to 79.0 for heavy smokers, that 
Cutler (77), a member of the Public Health Service, found in 14 
studies on smoking habits. Furthermore, the Surgeon General 
did not emphasize what Hammond (163), statistician for the 
American Cancer Society, said in 1958 about the large and unex- 
plained difference between reported lung cancer death rates in 
England and Wales and in the United States and about the 
problem of accuracy of diagnosis which “plagues us whenever 
we attempt to compare death rates from cancer of specific sites in 
different periods of time, different countries, or different sections 
of the same country.” Other specific objections to the thesis that 
cigarette smoking is the primary cause of lung cancer may be 
found in the following publications: 12, 25, 26, 27, 29, 67, 121, 
122, 143, 187, 251, 292, 344, 346, 360. 

An editorial (416) published in the Journal of the American 
Medical Association in 1959 observed that a number of authori- 
ties who have examined the evidence on smoking and lung cancer 
do not agree with those who consider that the evidence to date 
implicates smoking as the principal etiological factor in the in- 
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crease in lung cancer: “Although the studies reveal a relationship 
between smoking and cancer that seems more than coincidental, 
they do not explain why, even when smoking patterns are the 
same, case rates are higher among men than among women 
and among urban than among rural populations. Neither the pro- 
ponents nor the opponents of the smoking theory have sufficient 
evidence to warrant the assumption of an all-or-none authorita- 
tive position.” 

Dorn and Baum (105), of the National Institute of Health. in 
1955 observed the deaths among cigarette workers were 32 per 
cent lower than the expected number for all causes, 27 per cent 
lower for all forms of cancer, 14 per cent lower for cancer of the 
respiratory system, 33 per cent for cardiovascular disease, and 20 
per cent lower for coronary disease. Haag and Hanmer (154) 
studied the same general population of tobacco workers and 
found a higher-than-average percentage of smokers and a much- 
higher-than-average ratio of smoking to be associated with 
greater longevity, relatively lower death rates from cancer and 
cardiovascular diseases and respiratory cancer rates no higher 
than in the general population. The best published report on the 
amount of tobacco being smoked was based on a survey made by 
Finkner, et al. (118) among the above group of tobacco em- 
ployees. The techniques used to establish the amount of an in- 
dividual’s smoking emphasizes the uncertainty of the data ob- 
tained by others. 


Urban and Rural Cancer of the Lung 


In support of the theory that smoking is a significant factor in 
the etiology of lung cancer has been the observation that more 
cases of lung cancer occur in individuals living in urban areas 
than among those living in rural areas (64, 75, 135, 178, 201, 
220, 335, 336, 410). Stocks (409) in 1955 said that the progres- 
sive increase in mortality followed the increasing industrializa- 
tion, population density, and prevailing direction of smoke drift 
in “a remarkable way.” However, Shik (380) found no more 
lung cancer among urban than rural populations. 

Rigdon and Brindley (347) in 1950 reviewed the data on lung 
cancer in the senatorial districts of Texas and did not observe 
any specific environmental factor that suggested a significant 
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role in the etiology of pulmonary neoplasms. The frequency of 
cancer of the lung was reviewed in 254 counties in Texas and 
correlated with (a) the population as recorded in the census of 
1950. (b) the number of general hospital beds in 1951, and 
(c) the number of physicians who were members of the state 
medical association. From these data the number of deaths from 
cancer of the lung in each county was related to the number of 
doctors and the number of hospital beds. Factors of better diag- 
nosis and the distribution of cases of cancer of the lung through- 
out the states must be carefully evaluated when any specific 
etiologic agent is proposed (348). 

In 1960 Levin, et al. (235), in reviewing the problem of lung 
cancer, said that in 1940 the urban-rural difference in cancer 
risk based on vital statistics suggested that tumors involving the 
respiratory system, buccal cavity and esophagus showed a higher 
urban-rural ratio than tumors in either the stomach or skin. “The 
gross urban-rural differences in cancer incidence undoubtedly 
reflect the effect of many factors and in the absence of controlled 
classification of related population variables the linking of spe- 
cific urban-rural variations to suspect factors can at best be only 
suggestive. There is the further problem that the effects for 
special risk groups are diluted when combined with the re- 
mainder of the population not subject to these risks, so one could 
not expect examination of geographical variation to yield unequi- 
vocal leads on factors associated with specific sites’’ (235). In the 
United States since 1930 there has been a marked shift in the 
population from rural to urban areas. Therefore, the location of 
an individual at the time of death, as shown by vital statistics, 
will not indicate the environment in which he may have lived 
for the greater part of his life. Certainly, the interpretation and 
reconciliation of incidence rates from registry and survey sources 
may be more complex than previously thought; the problem, 
according to Levin, et al. (235) calls for further investigation. 

Kotin (213) in 1956, after reviewing the problem of atmos- 
pheric pollution, pointed out, “A basic and almost universal ob- 
servation has been the demonstration that urban residence carries 
with it an increased liability to the development of lung cancer. 
... Differences in urban and rural lung cancer mortality figures 
may be nothing more than another manifestation of the time of 
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peak incidence. The dose of a carcinogenic agent represents the 
product of the duration of exposure multiplied by the concentra- 
tion of the carcinogen. Rural areas differ from urban areas in that 
pollutants are present in lower concentrations rather than by 
their complete absence.” Doll (97) in 1958 said, “The urban fac- 
tor seems to have affected the two sexes differently, whereas 
general atmospheric pollution might be expected to affect them 
almost equally.” Furthermore, the difference between urban and 
rural mortality is more marked in countries with relatively little 
pollution (97). It is most interesting that Hammond (163), who 
is one of the supporters of the theory that smoking is the primary 
cause of lung cancer, said that although “air pollutants contain 
carcinogenic substances,” it does not “necessarily prove that they 
cause lung cancer.” Kotin (213) said, “There is at present no 
convincing evidence that tobacco possesses the necessary qualifi- 
cations for the initiation and promotion of lung cancer.” 


Frequency of Lung Cancer in the Male and Female 


Recently many investigators have thought the preference of 
lung cancer for the male sex might be a clue to its etiology. How- 
ever, as early as 1871 Walshe (434) observed that cancer of the 
lung was more frequent in the male. Actually cancer of the lung 
is not the only neoplasm with a sex ratio in favor of the male. 
In 1955 the risk of developing cancer was 60 per cent greater for 
the male than for the female, exclusive of genital and mammary 
cancers; the male-female ratio of incidence rates for cancer of the 
lung and bronchus was 4.49:1, that of the larynx 12.33:1, the 
lip 7.57:1, the pharynx 5.38:1, the esophagus 4.47:1, and the 
tongue 3.22:1 (106). Kirchoff and Rigdon (207) reviewed the 
data on the sex ratio in lung cancer between 1871 and 1957 and 
found that the male to female ratio in 108 studies (17,609 cases) 
varied from 0.7:1 to 20.9:1. It would appear from their review 
that the male-female ratio of lung cancer was approximately 3 
or 4 to 1 in 1900 and 5 or 6 to 1 in 1955. 

The male-female ratio for lung cancer based upon vital sta- 
tistics is very different from that obtained from hospital and 
autopsy data. In Great Britain in 1915 the ratio, based on vital 
statistics, was 1.5:1, in 1925 it was 1.9:1, and in 1951 it was 
5.7:1 (89). In the United States it was 1.7:1 in 1930 and 4.9: 1 
in 1952 (429). The classification of primary pulmonary neo- 
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plasms has been changed frequently since 1900. Because of this, 
certain cases included in broad categories in the early years, 
today would be classified more specifically. Such factors could 
contribute to this variation observed in the sex ratio between 
autopsy series and vital statistics. 

Wynder, et al. (454) in 1956 pointed out that the changing 
ratio of male to female lung-cancer cases has been one of the 
most intriguing clues in this problem of lung cancer. In their 
study of lung cancer in the female, 16 of the 41 patients with 
epidermoid cancer were non-smokers. To explain how such 
could occur, Wynder, et al. say it is best to consider an arithmetic 
example in which there is a population of 10,000,000 adults, half 
male and half female, in which in any one year lung cancer 
develops in five out of every 100,000 nonsmokers, whether male 
or female. Similarly, it is to be supposed that of the smokers, 
whether male or female, lung cancer develops in 30 out of every 
100,000. In such a hypothetical community tobacco is a funda- 
mental factor in the development of lung cancer, whereas sex 
is not a factor at all. This hypothetical community is further 
analyzed referable to cancer of the lung in the smokers and non- 
smokers and finally in this “fairyland of make-believe” Wynder, 
et al. conclude: “In short, in this hypothetical community in 
which the risk of lung cancer depends on amount smoked and 
not on sex, the lower frequency of smoking among females results 
in both a relatively higher incidence of lung cancer among men 
and a higher percentage of non-smokers among female patients 
with lung cancer.” The prediction of future lung-cancer rates in 
women, too, must be based on various assumptions. “The fact 
that even in the youngest age groups half the women are non- 
smokers and that only five per cent smoke as much as a package 
a day suggests that although the rate will continue to increase 
through the years, it is unlikely that it will approach the rate 
among males. In fact, calculations based on the assumption that 
25 years from now a 65 year-old woman will smoke as much as 
a 40 year-old woman now does suggest that the lung-cancer rate 
for women is unlikely to increase by more than twofold in the 
next 25 years on account of tobacco alone.” In this same article, 
Wynder, et al. (454) state, “The principles of a scientific demon- 
stration have been so widely misunderstood and disregarded in 
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the current controversy over smoking and lung cancer that we 
wish to present a formal outline of the logical steps employed 
here to go from the basic data to conclusion. . . . The principle of 
scientific simplicity (Occam’s razor) requires that we proceed 
down this list of categories of hypothesis.” Thereupon they sum- 
marize the hypotheses for the relationship between smoking and 
lung cancer. 


Racial and Economic Factors Referable to Lung Cancer 


Racial differences have been observed in the frequency of lung 
cancer. Rigdon and Kirchoff (349) noted that cancer of the lung 
occurred more frequently in the white race than in the Negro. 
Similar observations were made by Hoffman and Gilliam (178). 
Duchen (107) in South Africa found the incidence in the Bantu 
male significantly lower than in the European male. Sitbon and 
Hadida (386) in Algeria reported no racial variations in the 
incidence of lung cancer. Steiner, et al. (403) observed in Cali- 
fornia that the incidence of lung cancer among Mexicans was as 
high in women as in men and that it equalled that in Caucasic 
men. 

In spite of the fact that the rate of smoking tends to increase 
with income (364), the incidence of lung cancer was more than 
40 per cent greater in New Haven, Connecticut among the poor 
than among other socio-economic classes, according to Cohart 
(66). Mills and Porter (274) found the incidence greater in the 
dirtier sections of industrial cities, where pneumonia and tuber- 
culosis rates are also highest; however, they also found cigarette 
smoking heaviest in the dirty (poor) sections of the city. Cancer 
of the lung was observed more frequently in the lower economic 
groups in Denmark (64). Kennaway (204) in 1950 did not 
discern any influence of social class upon the liability to lung 
cancer in England. However, Herdan (170) in 1958 did show a 
change in the social class pattern in lung cancer for men between 
the years 1921 and 1958. 


Histologic Changes in the Respiratory Tract 


Hyperplasia, metaplasia and carcinoma-in-situ in the respira- 
tory tract have been observed more frequently in smokers than 
in nonsmokers (15, 57, 74, 158, 191, 210, 367). These histological 
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changes have been discussed in their relation to pulmonary neo- 
plasia (33, 74, 294, 330, 367, 433, 442). Similar histologic 
changes have been observed in pulmonary infections, especially 
influenza (9, 79, 447). Ide, et al. (191) pointed out, “It has not 
been possible, from the type of evidence obtained, to decide 
whether the observed changes in the epithelium represent early 
stages in the development of bronchogenic carcinoma or whether 
they are simply nonspecific changes associated with the effect of 
tobacco smoke and air pollutants.” The frequency of occurrence 
of these histological changes in the respiratory tract has varied 
in different studies. Auerbach, et al. (15) observed squamous 
metaplasia in 1.9 per cent of the slides on patients who had never 
smoked regularly and 9.5 per cent on the group smoking over a 
package of cigarettes a day. Carcinoma-in-situ was found in 1.0 
per cent of the patients who had never smoked regularly as com- 
pared with 6.0 per cent of those who smoked more than a package 
of cigarettes a day. Knudtson (210) found the bronchial mucosa 
normal in 50 per cent of the nonsmokers and in 20 per cent of the 
heavy smokers. These abnormal histologic changes usually were 
present in the trachea as well as in the larger bronchi (15. 210). 
It is of interest to observe that carcinoma of the trachea is a rare 
neoplasm. It has not increased significantly during recent years; 
however, the mucosal changes, interpreted as “precancerous” in 
the bronchi, do occur frequently also in the trachea of smokers. 


Experimental Studies with Tobacco Smoke 


The chemical demonstration of a carcinogen in tobacco con- 
densate and the induction of tumors by local application of it to 
the skin of mice preceded all attempts to experimentally induce 
pulmonary neoplasms either by inhalation of cigarette smoke or 
local application of the condensate to the mucosa of the respira- 
tory tract. The neogenic effect on the respiratory tract has been 
negative following the inhalation of cigarette smoke in mice 
(231. 232. 246, 316), rats (148, 316), hamsters (316), rabbits 
(179), and birds (320). Metaplastic changes occurred in the 
mucosa of the trachea of dogs following the local application of 
tobacco condensate (354). Rigdon (350) did not observe any 
significant morphological changes in either the trachea or the 
lungs of ducks given tobacco condensate intratracheally. In 1956 
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Passey (317) said, “During the past three years all those in 
Great Britain working on the effects of exposure to cigarette 
smoke or its tars, have been consistent in reporting complete fail- 
ure to demonstrate any carcinogenic action in a variety of labora- 
tory animals, in spite of the proved presence of traces of the 
carcinogenic hydrocarbons in cigarette tars.” Blacklock (34) in- 
jected cigarette tar directly into the hilar region of the lungs of 
eight rats and obtained one sarcoma and one oat cell carinoma. 
Campbell (53) and Essenberg (112, 113) obtained tumors in 
mice, which they thought resulted from the inhalation of ciga- 
rette smoke. Leuchtenberger, et al. (232) failed to observe tumors 
in the lungs of mice exposed to cigarette smoke for the greater 
part of their life span. The successful induction of a tumor in a 
mouse, however, can of itself have little weight in estimating the 
carcinogenicity of a substance for man (164). 


Spontaneous Pulmonary Tumors in Animals 


Spontaneous-occurring pulmonary tumors have been found in 
the mouse (3, 388, 406, 424, 443). The first of such tumors ap- 
parently was reported in 1896 by Livingood (243). Primary lung 


tumors have been reported in the rat (181, 368), the guinea pig 
(137, 171), the rabbit (371, 387), fow! (10), the horse (278, 387, 
407). bovine (387, 407), the dog (387, 407). the cat (407), the 
jaguar (387), sheep (115, 407), and the kangaroo (115). It 
would appear that the pulmonary adenoma of mice represents a 
specialized situation with limited bearing on the types of tumors 
that account for the great majority of cases of lung cancer in man 
(393). The same may be said of all pulmonary tumors in ani- 
mals; however, it is of interest to know that spontaneous neo- 
plasms do occur in species other than man, 


Experimental Production of Lung Cancer 


Interest in carcinogenic agents and the experimental produc- 
tion of tumors on the skin of laboratory animals soon was fol- 
lowed by many attempts to induce pulmonary neoplasms with 
a variety of carcinogens (294, 381, 393, 406). Andervont (4) in 
1937 apparently was the first to experimentally induce a squa- 
mous cell carcinoma in the lung of a mouse by placing a thread 
containing 1,2,5,6-dibenzanthracene in the lung through the in- 
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tact chest wall. Kuschner (223) modified this technique and 
induced bronchogenic carcinoma in mice and rats by exposure 
to methylcholanthrene, 1,2,5,6-dibenzanthracene, and 3,4 benz- 
pyrene. Another technique for the production of pulmonary neo- 
plasms has been the implantation of wire mesh pellets impreg- 
nated with carcinogenic material (223) and pellets of methyl- 
cholanthrene put directly into the lumen of the bronchi (34), 
Carcinomas have been induced in mice by the tissue transplant 
technique, a technique in which lung tissue is removed from 
mouse embryos and implanted along with olive oil solutions of 
methylcholanthrene or dibenzanthracene into the thigh muscles 
of adult animals of an inbred strain (394, 395). Pulmonary tu- 
mors develop in the lung tissues within the extremities. 

Pulmonary neoplasms have occurred in mice (5, 6, 7, 8. 247, 
382) and in guinea pigs (171) following the intravenous injec- 
tion of carcinogenic hydrocarbons. Tumors have occurred in mice 
(71, 290) and rats (153, 194, 280) following intraperitoneal in- 
jection of urethane and in the lungs when urethane was instilled 
intranasally (377). Adenomas have been demonstrated in the 
lungs of mice three days after birth when the mothers were given 
urethane subcutaneously during pregnancy (396). 

Since considerable evidence has accumulated to indicate that 
environmental factors may be significant in lung cancer, inhala- 
tion is of particular interest in both experimentally induced pul- 
monary cancers and in spontaneous-occurring lesions in man. 
Niskanen (294) in 1949 observed a squamous cell carcinoma in 
the lung of a rat following intratracheal injection of dibenzan- 
thracene in olive oil. Rigdon (351) produced a variety of neo- 
plasms in the respiratory tract of white Pekin ducks following 
the intratracheal injection of methylcholanthrene in polysorbate 
80 U.S.P. Usually the intratracheal instillation and aerosol ex- 
posure of animals to polycyclic hydrocarbons were unsuccessful 
or the tumor yield was low (223, 327). 

The inhalation of 9, 10-dimethyl-1, 2 benzanthracene, al- 
though a potent carcinogen for the skin of mice, did not result in 
any pulmonary tumors (318). Benzpyrene adsorbed upon car- 
bon black was not carcinogenic when given subcutaneously 
(405) and methylcholanthrene was not carcinogenic when ad- 
sorbed on carbon black and given orally to mice (287). The 
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inactivation of carcinogens by adsorption may be a significant 
factor in the pathogenesis of pulmonary neoplasms. Carcinogenic 
substances in the atmosphere, when inhaled, may not be in a 
biological state such as to produce pulmonary cancers. Kotin and 
associates (213, 214, 215) have extracted a carcinogen or car- 
cinogens from the atmosphere that induced tumors when applied 
locally to the skin and pulmonary adenomas when inhaled by 
mice. Dust collected from the air of cities in England and the 
United States has produced tumors in the subcutaneous tissue of 
mice when applied locally (229, 230) and in the lungs when 
inhaled (263). Campbell (52, 53) was one of the first to observe 
an increase in pulmonary tumors in mice following the inhala- 
tion of dust from tarred roads and the exhaust gases from internal 
combustion engines. 

Inhalation of radioactive particles (55, 129, 418), beryllium 
(431) and asbestos (296, 391) has resulted in pulmonary neo- 
plasms. An increase in the incidence of lung tumors occurred in 
strain A mice following long, continued irradiation with gamma 
rays (248). Several investigators observed the occurrence of pul- 
monary tumors following the subcutaneous and local application 
to the skin of carcinogenic agents (284, 369, 436). The intrave- 
nous injection of nitrogen mustard (172) and sulfur mustard 
(173) resulted in an increased number of pulmonary tumors in 
mice. 


Problems in the Diagnosis of Lung Cancer 

The problem of the diagnosis of lung cancer was frequently 
discussed after 1834. By 1930 a marked improvement in the per- 
centage of correct diagnoses had occurred; it was thought to be 
about 50 per cent correct in the practice of the better physicians, 
clinics and hospitals (340). Obviously, it would be progressively 
lower in the practice of those who had less training or inadequate 
diagnostic facilities. Hruby and Sweany (183) in 1933 con- 
sidered that 75 per cent of the diagnoses of cancer of the lung 
should be correct. They stated that a decade before not more than 
35 per cent was correctly diagnosed and quoted Ferenzy and 
Matalosy as reporting 5 per cent correct diagnoses from 1896 to 
1900, 28.4 per cent from 1917 to 1925, and 50 per cent in 1925. 
Pohlen and Emerson (326) in 1942 reviewed 20,000 autopsies 
performed between 1930 and 1939 in 10 New York general hos 
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pitals and found that only 62 per cent of the lung cancer cases 
had been correctly diagnosed during life. Willis (446) in 1948 
stated that carcinoma of the lung was correctly diagnosed during 
life in only 61 per cent of the cases. In an autopsy study in Mos- 
cow for the years 1938 to 1944, 64.5 per cent of the lung cancer 
cases was correctly diagnosed during life (380). 

The difficulties of diagnosis of lung cancer in 1953 were con- 
siderable, according to Smithers (397). He pointed out that the 
accuracy of diagnosis and reliability of death certification must 
still be under grave suspicion. Even with postmortem examina- 
tions mistakes were made. Smithers (397) found four cases in 
the past few years in which the postmortem examination was in 
error and three in which the death certificates differed from the 
postmortem findings. Rigdon and Kirchoff (352) cite a case in 
which a diagnosis of bronchogenic carcinoma was made from a 
bronchial biopsy; however, at autopsy the patient had cirrhosis 
of the liver and a primary hepatic cell carcinoma that had me- 
tastasized to the lung and invaded the wall of a medium-size 
bronchus near the hilus. Kreyberg (221) wrote in 1952, “Up to 
the present time the general mortality statistics are so unprecise 
that they must be used with great reservation as a fact for the 
study of the actual occurrence of lung cancer.” In 1957 Shekhter 
(379) said, “In spite of the undoubtful successful achievements, 
the clinical and radiological diagnosis of cancer of the lung is 
still not so satisfactory as it might be.” 


Treatment 

The years from 1930 to 1960 were characterized by the per- 
fection of surgical techniques in the treatment of lung cancer. 
However, the percentage of cases in which either a cure was 
obtained or life prolonged probably was insignificant. Graham 
(140) in 1933 performed the first successful pneumonectomy 
for a primary bronchogenic carcinoma. The patient, a physician, 
continued to practice medicine and lived to see Dr. Graham die 
from a primary bronchogenic carcinoma in 1959 (141). Ad- 
vances in anesthesiology, blood transfusion, antibiotics and other 
techniques during these years contributed to a significant de- 
crease in morbidity and mortality associated with lung surgery. 
Cleland (61) in 1958 made the following comment referable to 
surgical treatment, ‘““The present status of surgery in the treat- 
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ment of lung cancer is by no means an entirely happy one. In 
favourable patients there is a 25 to 30 per cent chance of survival 
for 5 years but this figure has not advanced significantly in spite 
of obvious and definite improvements in surgical technique. It 
seems unlikely that further significant technical improvements 
will be forthcoming, nor can it be supposed that they will materi- 
ally improve matters should they come.” 

Many technical improvements have been made in the pneu- 
monectomy technique used by Graham in 1933 (56, 310, 337). 
Allison (1) in 1946 recommended the isolation and division of the 
pulmonary vessels within the pericardium while performing the 
standard type of pneumonectomy. In 1955 Brock and Whyte- 
head (47) suggested a more radical procedure, including an ex- 
tensive removal of the mediastinal nodes and the surrounding 
lung tissue. In 1956 Price Thomas (329) recommended excision 
of a portion of the main bronchus together with the involved lobe 
in cases where the lobar bronchus was involved by the malignant 
growth, a technique known as the “sleeve” resection. A similar 
technique was suggested for tumors involving the carina and 
lower trachea (19). Lobectomy was suggested as a palliative pro- 
cedure in select cases of lung tumors (24, 32). Churchill (59), 
however, obtained favorable results with lobectomy in selected 
cases of primary bronchogenic carcinoma. Smith (390) advised a 
palliative resection in cases of lung cancer to minimize some of 
the unpleasant terminal symptoms. 

Since 1930 there has been an increase in the use of exploratory 
thoracotomy, with a wide variation in the frequency in which a 
subsequent pneumonectomy was performed. Rosemond, ef al. 
(358) in 1950 performed pneumonectomies upon about 55 per 
cent of those who were thoracotomized. Before 1945 Lindskog 
and Bloomer (242) performed pneumonectomies on 38 per cent 
of their cases and between 1945 and 1948 on approximately 50 
per cent. In 1954 Farber (114) said that 50 per cent could be 
taken as a representative mean. However, in at least 40 per cent 
of the patients receiving pneumonectomy, there was no evidence 
of a material increase in the length of life. 

The demonstration of the lymph drainage of the lungs by 
Rouviere (362) in 1932 contributed greatly to both the surgical 
diagnosis and the treatment of lung cancer. It was shown by 
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Rouviere that tumors in the right lung spread to the right para- 
tracheal nodes and then upward to the supraclavicular lymph 
nodes. Tumors from the left lower lobe and the lower portions of 
the left upper lobe spread to the carinal nodes at the bifurcation 
of the trachea and then across to the right paratracheal nodes 
and upward to the right supraclavicular nodes, while tumors in 
the apex of the left upper lobe of the lung spread upward to the 
left supraclavicular nodes. Metastasis from the left upper lobe 
may spread (a) superiorly to the left paratracheal chain to the 
left supraclavicular nodes and (b) down to the carinal nodes (68, 
165, 182, 295, 374, 426). The demonstration of metastatic tumor 
in the scalene fat pad in the supraclavicular spaces usually was 
interpreted as an inoperative pulmonary lesion. In the surgical 
removal of the lung, Healey and Gibbon (169) suggested the 
intrapericardial ligation of the veins at the atrium when either 
the tumor or the lymphatic extension surrounded the blood ves- 
sels. Early ligation of the pulmonary veins may lessen the chance 
of blood borne dissemination of tumor cells (17). The extent of 
mediastinal lymph node involvement with crossing of the lym- 
phatic drainage from one side of the mediastinum to the other 
was emphasized (51). 

The mortality and survival rates following surgery for bron- 
chogenic carcinoma vary (16, 20, 32, 43, 59, 132, 133, 142, 259, 
301, 302, 303, 311, 337, 378, 417). At the time of the introduction 
of total pneumonectomy the operative mortality was around 50 
per cent (114). In 1958 the operative mortality for all types of 
resection, according to Cleland (61), was approximately 10 
per cent. The mortality was higher after pneumonectomy than 
following lobectomy (32, 59, 133, 378). It increased with age 
(32, 133, 301). Survival was shown to be related to the histologic 
type of tumor (38, 133, 208, 262, 277). 

Aggressive treatment of lung tumors with radiation before 
1930 with techniques then available was rarely feasible. How- 
ever, since 1940 radiological advances have made possible more 
effective treatment. Radiation therapy has been considered by 
some to prolong the life of individuals with lung cancer (73, 
227, 328, 389, 419). Overholt (312) believed that radiotherapy 
shortened the life of patients with this neoplasm. 

The supervoltage van de Graaff generator introduced about 
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1950 (422, 444) for treatment of cancer proved to be palliative 
and not curative in cases of lung cancer (128, 152, 437). In 1950 
Marks (257) renewed interest in this country in the technique 
of “fractionation of the x-ray dosage in space” first advocated by 
Kohler in 1909. This technique was considered more advan- 
tageous in the treatment of lung cancer (166, 258). 

Whether types of radiation other than photons (x-rays) will 
represent an advance in our ability to help patients with carci- 
noma of the lung is far from clear. In 1956, according to Nickson 
and Roswitt (293), there was no theoretical reason to anticipate 
a sharp biological difference in response from that already seen 
with photons. Whether the electron beam can be utilized to great 
advantage on patients with carcinoma of the bronchus is not yet 
clear. It is unlikely that the electron beam will come to play a 
major role in the management of this neoplasm (293). 

In 1934 Edwards (110) suggested the use of gamma radiation 
in the treatment of bronchial tumors. At first radon seeds were 
introduced into the tumor through the bronchus in tubular con- 
tainers and later the radon seed was injected into the tumor at 
the time of open thoracotomy (305, 306, 307). An implant 
method using gold grains was introduced by Hodt, Sinclair and 
Smithers (176) in 1952 and subsequently was used in the treat- 
ment of bronchial carcinoma. 

A new method for the treatment of lung cancer by means of 
artificial radioactivity was suggested by the studies of Muller 
and Rossier (282, 283) in 1947. This was based upon the selective 
fixation following an intravenous injection of a short-lived radio- 
active isotope. Subsequent observations have shown that such 
isotopes may be injected by catheter into the pulmonary artery 
or given directly into the tumor (23). Smithers (398) in 1958, 
discussing isotopes in the treatment of bronchogenic carcinoma 
said, “Several new radioactive isotope treatment methods are 
being tried but most of them offer little prospect of success.” 

Chemotherapy in bronchogenic carcinoma was influenced by 
the study of Gilman and Philips (136) and the statement by 
Rhoads (338) in 1946 that a “limited but favorable experience 
with the methyl-bis compound in inducing temporary sympto- 
matic remissions in anaplastic carcinoma of the lung has en- 
couraged further trial in this type of disease.” Others have 
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demonstrated the clinical effect of the chloroethylamines on 
bronchogenic carcinoma (41). 

The efficiency of all forms of therapy for lung cancer in 1960 
was stated by Jacobs, et al. (192) as follows, “It is obvious from 
the study that present methods of treating pulmonary carcinoma 
are grossly inadequate. One can hope for better results only from 
some radically new method of approach, While chemotherapy 
has not yet introduced much change in this situation we may not 
be using the optimum agent.” 

Because of the increased incidence of lung cancer and the low 
curability rate, a concerted effort began about 1940 to discover 
the earliest cases for treatment. This was done by physicians ad- 
vocating frequent physical examinations and by radiographic 
screening of large groups of individuals (149). In discussing the 
technique of mass surveys, Guiss (150) in 1960 said, “Mass 
roentgenographic surveys are probably not the answer because of 
their expense and lack of selectivity.” Furthermore, if chest 
roentgenograms are to be used efficiently and successfully for the 
purpose of detecting lung cancer or any other pulmonary disease, 
scientific criteria must be developed and generally applied to this 
procedure (151). 


Consideration of Smoking and Lung Cancer by Legislative Bodies 


Obviously from this review it is evident that the etiology and 
the pathogenesis of pulmonary cancer in man is not known. 
Events of the past few years, however, would indicate that this 
problem is being discussed by legislative bodies both in this coun- 
try and Europe (67, 269). The alleged effect of smoking on health 
was brought up for discussion in the House of Commons (269) 
in 1954 and by a committee of the House of Representatives in 
the United States (67) in 1957. The latter report (67) gives an 
excellent summary of the problem. 

In April of 1960 a federal court in Pittsburgh, Pennsylvania 
had the first trial in which a tobacco company was sued for more 
than a million dollars by a man who alleged he developed a 
pulmonary cancer from smoking a specific brand of cigarettes. 
The Court ruled in favor of the tobacco company. The second 
trial of a similar case was heard in July 1960 in Miami, Florida. 
In this case the jury was instructed by the judge to consider the 
following four points: (a) Did the plaintiff (Green) have cancer 
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originating in his left lung? The answer was yes. (b) Was this 
cancer the cause or one of the causes of his death? The answer 
was yes. (c) Was the smoking of Lucky Strikes (cigarettes) a 
proximate, or one of the proximate, causes of cancer? The answer 
was yes. (d) Could the American Tobacco Company on or before 
February 1, 1956 (Green died in February of 1958) by the rea- 
sonable application of human skill and foresight, have known 
that users of Lucky Strike cigarettes, such as Green, would be 
endangered . . . of contracting cancer of the lung? To this the 
jury answered no (420). A court official interpreted the ruling as 
indicating that the jury felt that not enough had been known 
about the dangers of smoking prior to 1956, when the man’s ill- 
ness was diagnosed, to hold the company financially liable (375). 

The jury in the latter case, after hearing testimony for two 
weeks, decided a medical problem that scientists have been un- 
able to answer in a hundred years. Furthermore, this jury was 
able to conclude, not only what the etiology of a specific pul- 
monary tumor was, but also that a primary pulmonary cancer 
was present in the left apex of the lung when there was no 
autopsy or thoracotomy and radiological findings were consistent 
with either an inflammatory or neoplastic lesion. The only 
neoplasm demonstrated histologically in this case was a biopsy 
of a supraclavicular lymph node on the right side that showed a 
squamous cell carcinoma. There was no evidence presented to 
the Court to show any abnormalities to suggest metastases in any 
organ or bone. 

The legal findings in the above cited cases would suggest that 
monetary interest in cancer of the lung in 1960 is competing with 
science in establishing the etiology of this particular neoplasm. 
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PROCEEDINGS OF THE TEXAS BRANCH OF THE 
SOCIETY OF AMERICAN BACTERIOLOGISTS 


Abstracts of Some of the Papers Read at the Spring Meeting 
May 5-6, 1961 
Texas A&M Coiece, CoLLecEe STATION 


Stimulation by Vitamins K of the Growth of Mycobacterium 
tuberculosis var. hominis H37Rv. James O. Norman and 
Robert P. Williams, Department of Microbiology, Baylor 
University College of Medicine, Houston, Texas. 


Vitamin K stimulates the growth of Mycobacterium tuberculosis var. 
hominis H37Rv when incorporated into Proskauer and Beck medium. A 
series of vitamins K, and K,,, and vitamin K-like compounds were tested. The 
most active compound was vitamin K, (20). At concentrations between 16 to 
20 ug. per ml. growth was measurable by turbidimetric means within 48 to 
72 hr., and was markedly increased at 168 hr. incubation. Control cultures 
showed no growth. The data suggested that a quinone or naphthoquinone 
structure, an unsaturated side chain at position 3 in the quinone ring, and 
the substituted group on the 3rd carbon atom of the side chain were im- 
portant for stimulation of growth. K, diacetate, menadione, and lomatiol did 
not stimulate growth. The length of the side chain also was important since 
K, (25), K, (30) and K,(50) were completely inactive. 


Amino Acid Requirements for Temperature Induced Pigmenta- 
tion in Serratia marcescens. Cora Lee Gott and Robert P. 
Williams, Department of Microbiology, Baylor University 
College of Medicine, Houston, Texas. 


Employing the temperature induced pigmentation system described by us 
previously, we have investigated the amino acid requirements for pigment 
synthesis. Fractionation of casein hydrolysate into constituent amino acids 
demonstrated that only a few were required. When added singly to the non- 
proliterating cell suspensions, these amino acids caused pigment synthesis. 
The increase in pigment formation was similar to that of growing cultures. 
Proline and alanine were the most efficient, followed, in order, by ornithine. 
glutamic, and aspartic acids. L-proline was active, but the D form appeared 
to be inhibitory. Both D and L-alanine caused pigment formation, the latter 
being best. None of 18 other amino acids tested produced detectable pigment. 
A schema of pigment synthesis was proposed involving the known pathway 
of proline synthesis from glutamic acid or ornithine through pyrroline car- 
boxylic acid. Aspartic acid could fit into the schema by transamination. The 
place of alanine in pigment synthesis is not known. The data indicate that 
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pigment arises from amino acids and involves a previously unknown path- 
way of pyrrole synthesis. 


Preparation of Spheroplasts from Vibrio comma. B. R. Chatterjee 
and Robert P. Williams, Department of Microbiology, Bay- 
lor University College of Medicine, Houston, Texas. 


Preparation of spheroplasts from vibrios has not been successful. We have 
prepared spheroplasts from Vibrio comma by lysozyme treatment combined 
with freezing and thawing. Lysozyme was added to 4 hr. broth cultures of 
vibrios supplemented with 15% sucrose. Two minutes after addition of lyso- 
zyme. the samples were frozen by immersion in a dry ice-acetone bath. After 
freezing, the samples were thawed at 37° C. in a shaker. Spheroplasts formed 
in 1-2 hr. No cell wall was seen under phase microscopy. The spheroplasts 
were osmotically sensitive and older ones contained granules. Optimum lyso- 
zyme concentration of 50 ug/ml transformed 70-85% of cells into sphero- 
plasts. Higher concentrations of lysozyme caused cell lysis. Addition of 3% 
glycine instead of lysozyme brought about spherical transformation without 
freezing and thawing. The glycine treated cells were osmotically insensitive, 
actively motile, and morphologically different from lysozyme spheroplasts. 


Transductional Studies in A Polylysogenic Strain of Staphy- 
lococcus Aureus. C. E. Dowell and E. D. Rosenblum, De- 
partment of Microbiology, University of Texas Southwest- 
ern Medical School, Dallas, Texas. 


After treatment of a sensitive indicator strain with a lysate from a lyso- 
genic strain of Staphylococcus aureus, a strain was isolated which was triply 
lysogenic. The carried phages differed in serology, plaque morphology. and 
host range. Tests carried out using a liquid culture method and appropriate 
indicator strains showed that one of the phages could transduce streptomycin 
resistance and novobiocin resistance, while the other two could not. Using 
this phage, the mode of expression of these two antibiotic markers was studied. 


Infectivity of Adsorbed Staphylococcal Phage. Mary Beth Laugh- 
lin and E. D. Rosenblum. Department of Microbiology, Uni- 
versity of Texas Southwestern Medical School, Dallas, 
Texas. 


The titer of infectious phage present in a lysogenic culture varies according 
to method of assay. Supernatants of centrifuged cultures (free phage) gave 
lower titers than whole cultures plated directly on antibiotic media with anti 
biotic resistant indicator strains (plaque forming units-PFU). 

Preliminary experiments ruled out induction of lysis by the antibiotic as 
cause for the discrepancy. During growth of lysogenic strains, PFU’s and 
free phage are equal and rise until readsorption by the cells is appreciable, 
the PFU titer then becoming higher. This suggests that phage adsorbed by 
homologous cells are still infectious. Chloroform and Waring Blender treat 
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ments showed that adsorbed phage cannot readily be removed from the cell, 

Studies of phage adsorbed to either a viable or a heat treated resistant 
strain indicated that adsorption of heterologous phage and its inactivation 
occur almost simultaneously. Lysogenic cells, however, have a limited ca- 
pacity for adsorption of homologous phage from an external source. Im- 
munity of lysogenic cells to homologous phage is distinguished from im- 
munity to heterologous phage in coagulase positive Staphylococci in at least 
two properties—less efficient adsorption, and infectivity of the adsorbed phage. 





Preliminary Serological Studies of Marine Actinomycetes.* 
R. K. Guthrie, A. W. Roach, J. K. Ferguson and C. Mitchell. 
North Texas State College, Denton, Texas. 


A short injection schedule immunizing procedure using sonically treated 
aerobic marine actinomycete antigens emulsified in paraffin oil and lanolin, 
has produced a satisfactory antiserum for study of serological relationships 
of a group of nineteen of these organisms isolated by this laboratory from 
marine environments. Agar diffusion precipitation was used to determine 
serological reactions. The most intense band of precipitation in homologous 
reactions was termed the major antigen reaction; less intense bands were 
termed minor antigen reactions. Using three specific antisera, fourteen iso- 
lates were separated into five groups. Five isolates did not cross react with 
any antiserum. Future study will include additional marine isolates, and 
known cultures, as studied by these and additional antisera. 


A Mineral Salts-Cholesterol Agar for Culturing and Distinguish- 
ing Cholesterol-Using Soil Actinomycetes. Harold Lewis, 
James R. Davis and G. E. Peterson, Department of Biology, 
University of Houston, Houston, Texas. © 


It is known that certain soil microorganisms can utilize cholesterol as a 
sole carbon source. Previous studies have been frustrated by: (1) the long 
incubation period (several weeks) required for the breakdown of the sterol 
in enrichment broths, and (2) the lack of a solid growth medium containing 
cholesterol as a sole carbon source. 

This study describes the isolation of rapid as well as slow cholesterol users 
from soil microflora, a homogenized cholesterol agar for distinguishing slow 
from fast cholesterol users, the variable morphology of cholesterol-using soil 
microorganisms when grown on various media, and the identity of these 
microorganisms with the actinomycetes. 

When enrichment cultures were streaked on agar plates containing ‘“nor- 
mally” suspended cholesterol as a sole carbon source, the sterol was poorly 
dispersed and little or no growth resulted. However, when a Waring Blendor® 
was used to disperse the sterol in molten agar, homogeneous plates were 
obtained which supported good growth of cholesterol users. Two types of 
growth were observed on homogenized plates—growth with a cleared zone 


* Work supported by NIH Grant-in-aid E-2560. 
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around the colony and growth with no clearing. In broth cultures, the former 
used cholesterol rapidly and the latter slowly. The cleared zones of fast 
cholesterol users seemed to reflect a low, soluble concentration of cholesterol 
rather than the action of an extracellular enzyme. Actinomycetes with great 
variations in staining and colonial and cellular morphology were observed 
when these microorganisms were grown on various media. These variations 
may account for the conflicting conclusions of other workers concerning the 
taxonomic position of cholesterol-degrading soil microorganisms. 


Studies on the Incorporation of Uridine into the Ribonucleic Acid 
Components of Irradiated Bacteria. E. W. Frampton. Section 
of Microbiology, Department of Biology, The University of 
Texas M. D. Anderson Hospital and Tumor Institute, 
Houston. 


Measurements have been made of the influence of X-irradiation (90K r 
dose) on the ability of log phase cells of Escherichia coli strain B/r to incor- 
porate labeled uridine into various RNA components. Fractions designated 
P, (20,000 x g for 15 min), P,, (144,000 x g for 120 min), and S (the remain- 
ing supernatant material) were prepared from cells ground with alumina 
and from cells disrupted by passage through a French pressure cell. By means 
of sucrose density gradient centrifugation, additional fractionations were also 
carried out on resuspended P,, fractions and concentrated S fractions. 

Total labeling of RNA was lower in all fractions obtained from irradiated 
cells. However. a statistical analysis of the slopes of the linear portion of the 
incorporation curves (specific activity of RNA vs. time) showed a depressed 
rate of incorporation in the S fraction obtained from irradiated cells disrupted 
in the French cell and in the P, fraction from alumina-ground cells. 

Sucrose density gradient analyses of P.,, fractions (ribosomes) and S frac- 
tions (soluble RNA, 48S RNA, and small ribosomes) from cells disrupted 
in a French cell suggest that the labeling of a RNA component in the S 
fraction may be preferentially suppressed by irradiation. 
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SOME COMPARATIVE EFFECTS OF SMOKED 
PAPER, TOBACCO AND CIGARETTES ON 
CHROMOSOMES IN VITRO* 


Axio Awa,” YasusH1 OHNUKI,” AND C. M. Pomerat 


Introduction 


Current interest in the relation of tobacco smoke as a cause of 
lung cancer is reflected in several reviews (e.g., 3. 19, 20). Spe- 
cial attention has been directed to the production of lung and skin 
malignancies in animals treated with tobacco tar or condensates 
(2, 4, 5, 15, 16). Histological and cytological studies have also 
been done on the effects of cigarette smoke and tobacco conden- 
sates upon cells in vivo or in vitro (6, 7, 8, 13). 

The aim of the present study was to extend basic knowledge 
regarding the effect of cigarette smoke and its constituents on 
cells of an established human lung strain cultivated in vitro, 
with special attention to mitotic and chromosomal irregularities. 


Materials and Methods 


Cells of human foetal lung (HL-C strain) established by Nakanishi et al. 
(13) were cultivated either in T-flasks or in Rose chambers. Initial seeding 
in each experimental flask or chamber was adjusted to form a monolayer 
covering the floor of the container by the 6th day. Cells were then exposed to 
the smoke obtained from (A) whole cigarette, (B) tobacco without paper, 
and (C) “Riz la #” paper alone. These materials were burned in glass tubes 
of the same length and internal diameter as the corresponding cigarette. 
After removal of the nutrient medium, smoke from these test materials, col- 
lected by sucking with the use of a 50 ml or a 100 ml syringe fitted to the glass 
tube, was introduced directly into the container in which the cells were 
growing. After 5 to 10 seconds the smoke was removed thoroughly with the 
aid of a suction pump from the culture vessels. Fresh Eagle’s medium con- 
taining 10% inactivated horse serum was then added. The volume of smoke 
used in each experiment was 1.5, 30, and 70 ml for Rose chambers, T-30, and 
T-60 flasks, respectively. Approximately 25 times the weight of paper was 
employed as that used for the corresponding cigarette. Chromosome spreads 
were made 24 hours after treatment using the hypotonic sodium citrate- 


* From the Division of Cellular Biology, Pasadena Foundation for Medical 
Research, Pasadena, California. This investigation was supported in part by 
a research grant (RG-8000) from the Division of Special Health Services, 
Public Health Service, National Institutes of Health. Submitted for publica- 
tion May 1, 1961. 

» Fellows of the Tobacco Industry Research Committee. Permanent ad- 
dress: Zoological Institute, Hokkaido University, Sapporo, Japan. 
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acetic orcein, squash technique described in a previous report (14), with 
the exception that no colchicine was employed. 

Observations on chromosomes were performed with the use of dark phase 
contrast microscopy employing 100x objectives and 8x or 12x oculars. Further 
morphological observations on living cells were made on cultures in Rose 
chambers, using bright phase contrast (43x objectives, 10x eyepieces). They 
were then fixed with absolute methanol and stained with the May-Grunwald- 


Giemsa technique. 

The percentage of cells in mitosis in each experiment was determined on 
the basis of a minimum of 2000 cells. Further assessment of irregular mitoses 
was made by counting 200 dividing cells for each experimental condition by 
means of random sampling. 

Results 
(1) GENERAL OBSERVATIONS 

In control preparations, the HL-C cells were morphologically 
of the epithelial type with several well-defined nucleoli. All 
cells showed active cytoplasmic movement characterized by fine 
amoeboid protrusions. These are shown in the living state in 
Figure 1, and after staining (Fig. 5). The strain grew rapidly. 
requiring frequent subculture. A peculiar feature, noted during 
this process, was an unsual difficulty in breaking up cell aggre- 
gates. Even after agitation several times with a syringe, large cell 
colonies remained intact. 

Cells exposed to the smoke collected from whole cigarettes 
(Figs. 2 and 6) and from tobacco alone (Figs. 3 and 7), showed 
little evidence of injury. Only a few cells treated with tobacco 
smoke were damaged as evidenced by blebbing of the cytoplasm. 
together with slightly pycnotic nuclei in May-Grunwald-Giemsa 
preparations (Fig. 7, arrows). 

In contrast, remarkable degenerative changes were found both 
in the cytoplasm and nucleus of cells exposed to paper smoke. 
Within 6 hours after treatment, some cells displayed vacuoliza- 
tion and blebbing of the cytoplasm. By 24 hours, these changes 
became more prominent, and observations with the phase con- 
trast microscopy showed that every cell was severely vacuolated 
(Fig. 4). In addition, stained preparations revealed that the 
nuclei were severely pycnotic, so that nucleoli were obscure 
(Fig. 8). 

(2) EFFECT OF SMOKE ON DIVIDING CELLS 
(a) Mitotic Counts and Injuries 
In control cultures on the 7th day after incubation, 9 percent 














The scale of magnification is given in the upper left area of each figure 
representing cellular elements. 

Fics. 1-4. Photomicrographs of HL-C cells, with phase contrast microscopy, 
exposed to the smoke. 24 hours after exposure. 

Fic. 1. Control. White rounded cells are in mitosis. 

Fic. 2. Cells exposed to whole cigarette smoke. 

Fic. 3. Cells exposed to tobacco smoke. 

Fic. 4. Cells exposed to paper smoke, showing a number of vacuoles in the 
cytoplasm. 

Fics. 5-8. HL-C cells exposed to the smoke 24 hours after treatment. 
Stained by May-Grunwald-Giemsa. 

Fic. 5. Control. 

Fic. 6. Smoke from whole cigarettes. 

Fic. 7. Smoke from tobacco. Arrows indicate damaged cells. : 

a 8. Smoke from paper. Vacuolization of the cytoplasm with pycnotic 
nuclei. 
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of cells (Fig. 9) were in mitosis, there being a variation from 7 to 
10 percent in various samples. Of these, 18.2 percent were ab- 
normal (Fig. 10). 

Treatment with smoke of either whole cigarettes or tobacco 
alone led to an increase in the rate of mitotic irregularities and a 
decrease in the mitotic index, Mitotic indices were 4.2 and 3.1 
percent, with a variation ranging from 3 to 6 percent and from 
2.5 to 6 percent, respectively. The frequency of abnormal mitoses 
induced by tobacco smoke was somewhat higher (34.5%) than 
for whole cigarettes (23.0%). 

Treatment with paper alone led to a considerable depression 
of the mitotic index; viz., 2 to 3 percent, and many abnormal cell 
divisions (Figs. 9 and 10). Most metaphase figures were affected. 
In one experiment, 87.5 percent of all dividing cells were morpho- 
logically abnormal. 

(b) Chromosomal Abnormalities 

As a baseline study chromosome counting was carried out in 
squash preparations of untreated HL-C cells. In a recent sample 
(March, 1961), 70 percent of metaphases observed had 68 
chromosomes which seemed to be the stemline number (Table 1 
and Fig. 12). The fluctuation around the modal value was rather 
narrow, ranging from 65 to 77, and about 10 percent of the cells 
were polyploids. 
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Fic. 9. Histograms of the mitotic index in control and smoke-exposed HL-C 
cells. 24 hours after exposure. 
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Fic. 10. Distribution of normal and abnormal cells in each mitotic phase. 24 
hours after treatment with smoke. 

Mitotic irregularities found in cells exposed to whole cigarette 
and tobacco smoke were mainly characterized by condensation or 
contraction of the chromosmes at metaphase (Figs. 13, 14, and 
15). This abnormality occurred in 10 and 26 percent of the cells 
treated with whole cigarette and tobacco smoke, respectively 
(Fig. 11), resembling the injury produced by colchicine or 
podophyllin and its derivatives (12, 18). The degree of contrac- 
tion in chromosomes ranged from 1% to ¥% of the length in 
control cells. Some elements showed chromosome stickiness. 
However, the occurrence of this anomaly was not as significant 
as that of the controls. 

In the paper smoke series there was a different abnormality. 
Figure 11 and Figures 16 through 19 show a remarkable degree 


TABLE 1 


Distribution of chromosome numbers in human lung strain (HL-C ) cells after 
3 years of serial passages (March, 1961) 





Chromosome number 65 66 67 6. — 74 — 77 Total 
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Fic. 11. Distribution of abnormal metaphases exposed to various types of 
smoke 24 hours after exposure. 


[__] Norma. Z 


of chromosome stickiness which was a constant feature in all the 
paper smoke experiments. In addition, some cells seemed to show 
chromosome translocations (Figs. 16 and 17). 

Anaphase and telophase anomalies, namely bridging and lag- 
ging chromosmes, were found in equal numbers in untreated 
cultures and in those exposed to whole cigarette and tobacco 
smoke. Treatment with paper alone, however, led to a consider- 
able increase in these abnormalities. 


Discussion 


Leuchtenberger et al. (6, 7, 8) have reported a series of corre- 
lated cytological, histological, and cytochemical studies of lung 
tissues in mice exposed to cigarette smoke. In these articles, they 
demonstrated that bronchitis, basal-cell hyperplasia and a typical 
basal-cell hyperplasia were found in the majority of animals 
while a few developed squamous metaplasia. The DNA content 
correlated with these events. 

As suggested by Nakanishi et al. (13), little attention has 
been directed to studies based on cytological and chromosomal 
observations. Certain cigarette tar fractions were shown to pro- 
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Ficures 12 to 15. Photomicrographs of the chromosomes in contro! and 
smoke-treated HL-C cells. 24 hours after exposure. 

Fic. 12, Untreated control cell. 68 chromosomes. 

Fic. 13. Metaphase treated with whole cigarette smoke. Polyploid together 
with slightly pycnotic chromosomes. : 
Fic. 14 and 15. Metaphases exposed to tobacco smoke. Fic. 14. Polyploid. 
Fic. 15. Metaphase showing notable contraction of chromosomes. 


duce injury to mitochondria in human lung cells in vitro (Naka- 
nishi et al. 13). Further long-term treatment with such conden- 
sates led to shifts in the stem line chromosome number of a cor- 
responding cell line (HL-S) which was obviously different from 
that of the untreated controls (HL-C). 

Somewhat apart from this viewpoint, the main purpose of the 
present study was to inquire whether degenerative changes could 
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Ficures 16 to 19. Photomicrographs of HL-C cells exposed to paper smoke 
showing various degrees of chromosome stickiness at metaphase. 24 hours after 
treatment. 


be produced by direct exposure to the smoke collected from each 
of whole cigarettes in contrast to tobacco and paper alone. 

Under the experimental conditions employed, paper smoke was 
shown to be notably toxic. Vacuolization of the cytoplasm to- 
gether with pycnotic nuclei was seen in most cells 24 hours fol- 
lowing exposure to this factor. In contrast, the majority of cells 
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exposed to smoke from the other two sources did not exhibit any 
appreciable degenerative change. From mitotic cell counts each 
type of smoke was shown to induce a considerable decrease in the 
rate of division and a significant increase in the number of ab- 
normal mitoses. 

Of a variety of mitotic irregularities in cells treated with the 
smoke from whole cigarettes and from tobacco alone, contraction 
of chromosomes at metaphase was notable. In contrast, paper 
smoke produced chromosome stickiness in most metaphases. Con- 
sequently, sticky-bridges were frequently observed in cells at 
anaphase and telophase. 

In order to interpret the marked difference between whole 
cigarette smoke and that of its constituents, the following two 
possibilities might be considered. One is that paper smoke might 
have a certain fraction or fractions which are apparently noxious 
enough to produce chromosome stickiness, while smokes from 
whole cigarette and from tobacco alone contain little or no such 
substance but other products which might cause different mitotic 
abnormalities. Radiation and radiomimetic chemicals have been 
shown to act as mitotic poisons which induce chromosome stick- 
iness (1). The paper smoke effect might fall in this category. An- 
other possibility lies in the difference in the concentrations and 
temperature of each smoke when they are burned and collected. 
Care was taken to achieve uniformity in this respect but without 
complete quantitative controls. Chromosome stickiness which can 
be readily recorded may prove valuable for future studies not 
only in the assessment of injury from cigarette and its constitu- 
ents but other noxious products in the atmosphere. 

The modal chromosome number of the HL-C was reported as 
77 by Nakanishi et al. (13). As a by-product of this study it was 
shown that the modal value, found in 70 percent of the cells ob- 
served had changed to 68 after 3 years of successive passages 
since its establishment. In addition, there was evidence that a 
peculiar feature of this cell line was the formation of more firmly 
adherent cell colonies. Such a morphological change might be 
correlated with the shift in the stemline chromosome number. In 
a number of investigations (cf. 9, 10, 11, 13, 17) it has been 
pointed out that the stemline cell which is characterized by having 
a definite idiogram and chromosome number may undergo a 
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change in pattern under in vitro conditions. Of special interest 
was the shift in the modal value toward a lower chromosome 


number. 
Summary 


Mitotic and chromosomal analyses were carried out in the 
HL-C strain cells exposed directly to the smoke collected from 
(A) whole cigarettes, (B) tobacco alone, and (C) paper alone. 
Morphological observations revealed that paper smoke induced 
severe vacuolization of the cytoplasm together with pycnotic 
nuclei in most cells. In contrast. little evidence of cellular damage 
was shown by exposure of smoke from whole cigarette and from 
tobacco alone. 

There was a decrease in the rate of the mitotic index and a 
considerable increase in the number of abnormal divisions as a 
result of the treatment with each substance, particularly with 
paper smoke. Contraction of chromosomes was noticed in some 
metaphases exposed to smoke from whole cigarettes and from 
tobacco. In contrast, paper smoke produced a high incidence of 
chromosome stickiness. 

These mitotic abnormalities and the shift in the modal chromo- 
some number of the HL-C strain are briefly discussed. 
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THE EFFECT OF GUANIDINE: 


(1) On Experimental Poliomyelitis Induced by Oral 
Administration of Virus to Cynomolgus Monkeys 


(2) On Naturally Occurring Enteroviruses of 
Cynomolgus Monkeys* 


Juxtio G. BARRERA-ORO AND JosEPH L. MELNICK 


Guanidine is one of the rare compounds which inhibit the 
growth of poliovirus in tissue culture (6). Rightsel et al. (6) 
carried their experiments over into monkeys and observed sug- 
gestive therapeutic activity in animals infected by the intra- 
muscular route. 

Because we readily confirmed the antiviral effect of guanidine 
in tissue culture (1), we were led to explore the effects of the 
drug in cynomolgus monkeys which can be infected with polio- 
virus by the natural oral route. As young monkeys frequently 
excrete ECMO (Enteric Cytopathogenic Monkey Orphan) 
viruses in their feces (2,3), we also had an opportunity to de- 
termine whether guanidine might suppress excretion of these 
primate enteroviruses, particularly in view of the inhibiting 
action reported for guanidine on non-polio enteroviruses (6). 


Materials and Methods 


Monkeys. 36 young Macaca cynomolgus were used; they ranged in weight 
from 1.1 to 2.9 Kg (average 1.7 Kg). They were pretested for neutralizing 
antibodies to poliovirus Type 1; all were found to be negative. 

Treatment with guanidine-HCl. The guanidine dosage was based on the 
prior work of Rightsel et al. (6) who determined the limiting amounts of the 
drug which could be tolerated by rhesus monkeys. Because of its rapid 
excretion in the urine (6), guanidine was administered three times daily by 
stomach tube. The course was begun three days before the animals were 
challenged with poliovirus, and was continued for 21 days after the virus 
feeding, or until the animal developed serious disease. The animals were 
divided into three groups as follows: 

a) 12 animals received a “low” guanidine dosage: 60 mg per Kg of body 


*From the Department of Virology and Epidemiology, Baylor University 
College of Medicine, Houston, Texas. Aided by a Research Grant from 
Parke, Davis & Company. Submitted for publication April 4, 1961. 
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weight daily, administered by stomach tube: 
8 a.m. 30 mg per Kg 
3 p.m. 15 mg per Kg 
10 p.m. 15 mg per Kg 

b) 7 animals received high guanidine dosage: 80 mg per Kg of body 
weight daily, administered by stomach tube: 

8 a.m. 40 mg per Kg 
3 p.m. 20 mg per Kg 
10 p.m. 20 mg per Kg 

Initially, monkeys in the high dosage group received a total of 120 mg per 
Kg body weight daily (60, 30 and 30 mg), but after three days 5 of the 
original 12 in this group died from guanidine toxicity, and the dosage was 
therefore reduced for the survivors. 

c) 12 control animals received no treatment with guanidine, but were 
challenged orally with poliovirus in parallel with the test animals. 

The challenge poliovirus. Three strains of Type 1 poliovirus were ad- 
ministered by feeding. Their titers were as follows: 

Houston (Bender) strain 108-5 TCD.,, per ml 
Israel—1958 epidemic strain 108-2 TCD.,, per ml 
Mahoney strain 107-5 TCD.,, per ml 

The material was prepared by mixing 20 ml of undiluted infectious tissue 
culture fluid with canned banana baby food, and letting the monkeys eat 
the mixture. This they did avidly except for one monkey (# 775) which 
ate only part of the preparation and therefore was given 10 ml of undiluted 
tissue culture fluid by stomach tube. Initially, four monkeys at each guanidine 
dosage, and four controls, were to be challenged with each of the three 
poliovirus strains. With the loss of 5 monkeys from the high guanidine group 
at the outset, only 7 of this group were available. Of these, 2 received the 
Israel strain, 3 the Houston strain, and 2 Mahoney. 

Observations. The monkeys were examined daily for development of clinical 
signs of poliomyelitis and four obvious drug reactions. The observations 
were continued for up to 38 days following the poliovirus feeding, unless the 
animal died or was sacrificed because of the severity of its disease. Multiple 
sections of the spinal cord and brain stem were taken for histological 


examination. * 


Virus Excretion. Fecal samples were taken as follows: 

a) nine days before guanidine administration began, 

b) on the day guanidine was first given, 

c) after 3 days of treatment, i.e., just prior to virus challenge, 

d) one week after virus challenge, 

e) two weeks after virus challenge. 
Fecal specimens were tested for the presence of enteroviruses, using monkey 
kidney cultures, by methods already described (4). The viruses isolated were 
not typed. 

Viremia. Blood specimens were drawn on days 3, 5, 7, and 10 following 


* We are grateful to Dr. R. J. McAlpine for preparation and examination 
of histological specimens. 
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virus feeding. The sera were tested for the presence of poliovirus, and positive 
specimens were titrated by the cytopathogenic endpoint method in monkey 
kidney cultures (4). 

Poliovirus antibody. In addition to the pre-challenge determinations to 
ascertain that the monkeys were free of polio antibodies, the animals surviv- 
ing the observation period were bled at the time of sacrifice, and the sera 
were tested for the development of neutralizing antibodies to Type 1 polio- 
virus during the experimental period. The metabolic inhibition (pH) test in 


panels was used (5, 7). 
Virus in CNS. Isolation of poliovirus was attempted from the spinal cords 
of some animals, again using monkey kidney cultures. 


Results 


In Table 1, clinical and histopathological findings, the presence 
or absence of viremia, and antibody titrations are shown for the 
monkeys receiving each of the three challenge poliovirus strains, 
with low and high guanidine dosages and for control monkeys 
which did not receive the drug. 

Animals which died of guanidine toxicity but which were free 
of poliomyelitis lesions (#755, 763, and 766) are included in 
this table, but have been omitted in making up the summary of 
clinical responses (top of Table 3). In all other animals, the 
clinical signs of poliomyelitis and the finding of poliomyelitis 
lesions in the central nervous system occurred in parallel, except 
in #765, which had poliomyelitis lesions in the CNS, virus in 
CNS, and viremia, but whose clinical picture was not typical of 
poliomyelitis but may have been due to guanidine toxicity super- 
imposed on the virus disease. 

Where virus isolation was attempted from CNS, the results 
also paralleled the clinical and histopathologic findings. 

No viremia could be detected in two animals, #762 and 787. 
although they developed clinical signs and CNS lesions of polio- 
myelitis. The opposite situation was found in two other monkeys 
(#773 and 782), in which viremia was found but clinical signs 
and poliomyelitis lesions were absent. 

In Table 2 are shown the detailed results of tests for viremia 
in sera taken 3, 5, 7, and 10 days after challenge virus was fed. 
Poliovirus titers in the serum were generally low; they ranged 
from 16 to 60,000 TCD,,, per ml of serum. 

In the 2 monkeys receiving high guanidine dosage and chal 
lenged with the Israel strain of poliovirus, only 1 had viremia, 
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which was at low titer and occurred only once. The other monkey 
(#762) in this group, although lacking viremia, showed all the 
other indications of poliomyelitis, including virus in the CNS. 
This strain of poliovirus produced viremia in only 1 of the 4 
control animals, but all of the low-guanidine group developed 
viremia. 

For the challenge with the Houston strain, only 1 of 3 animals 
receiving the high guanidine dosage developed viremia, while 
viremia was detected in all 4 of the low guanidine group, and in 
3 of 4 control monkeys. In two of the control animals, #773 and 
782. viremia was the sole evidence of poliovirus multiplication. 

Of the two animals receiving high guanidine dosage and fed 
Mahoney strain, only 1 developed viremia, while viremia ap- 
peared in all 4 of the low guanidine group, and in 3 of the 4 
control animals. The one control animal lacking viremia (#787) 
gave clinical and histopathological evidence of having developed 
poliomyelitis. 

Table 3 summarizes the results in regard to clinical signs of 


TABLE 3 


Summary: Poliomyelitis in Cynomolgus Monkeys After Oral Challenge with 
Type 1 Poliovirus as Related to Treatment with Guanidine 





Number of monkeys positive/number tested 
Animals challenged with 
Guanidine Israel Houston Mahoney 
Dosage Strain Strain Strain Totals 


Clinical Signs of Poliomyelitis 


Low 4/4 3/3 4/4 11/11 
High 1/1 1/2 1/2 3/5 
Controls 1/4 1/4 4/4 6/12 
CNS Lesions of Poliomyelitis 
Low 4/4 3/4 4/4 11/12 
High 1/2 1/3 1/2 3/7 
Controls 1/4 1/4 4/4 6/12 
Poliomyelitis Viremia 
Low 4/4 3/4 4/4 11/12 
High 1/2 1/3 1/2 3/7 
Controls 1/4 3/4 3/4 7/12 
Antibody Development* 
Low 3/3 1/1 4/4 
High 0/1 0/1 0/2 
Controls 3/4 4/4 7/8 








* Tested in animals surviving 4 weeks or more 
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poliomyelitis, histopathology and viremia, respectively. All 
eleven animals receiving the low dosage of guanidine developed 
clinical signs of poliomyelitis (top section of Table 3). On the 
other hand, in the group treated with the high dosage of guani- 
dine, 3 of 5 became ill with poliomyelitis, and in the control 
group, only 6 of 12. 

The three animals which died from causes other than _polio- 
myelitis could not be evaluated clinically but are included in the 
summary of histopathologic results (middle section, Table 3). 
As can be seen, 3 of 7 monkeys on the high guanidine dosage 
developed poliomyelitis lesions in the CNS. Positive histopatho- 
logic results also occurred in 11 of 12 receiving low guanidine, 
and in 6 of 12 in the control group. In all positive monkeys polio- 
myelitis lesions were present in the lumbar, thoracic, and cervical 
portions of the spinal cord as well as in the brain stem. 

The detection of poliomyelitis viremia (lower middle section, 
Table 3) followed a similar pattern. For the treated groups, 
viremia was found in 14 of 19 monkeys, as against 7 positive 
animals among 12 controls. 

Antibodies were tested in monkeys which were sacrificed after 
4 weeks of observation. Positive results were obtained in 7 of 8 
controls, 4 of 4 in low guanidine dosage, but in neither of the 2 
monkeys on high drug dosage. 

Among the control animals, the proportion developing clinical 
signs of poliomyelitis differed among the strains (1 of 4 monkeys 
challenged with the Israel strain, and 1 of 4 with the Houston 
strain, as compared to 4 of 4 of the monkeys receiving Mahoney 
strain). Two additional control monkeys receiving the Houston 
strain showed viremia and a positive antibody response but with- 
out clinical and histopathologic signs of poliomyelitis. 

The use of a stomach tube as a possible factor. A stomach tube 
was used 3 times each day to administer guanidine to the treated 
groups. The possibility exists that its use three times daily in the 
guanidine-treated groups might have been a provoking influence 
to poliomyelitis, which was lacking in the control group. If the 
tubing process is a factor, then the monkeys receiving high guani- 
dine dosage might be regarded as protected to some degree over 
those receiving the low guanidine dosage, in which all eleven 
became ill with poliomyelitis. It is noteworthy that the 2 of 5 
animals surviving the high guanidine and poliovirus administra- 
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tions failed to show viremia, and failed to produce antibodies. 
They were also free of poliomyelitis lesions in the CNS. 

In the report of Rightsel et al. (6), suggestive protective results 
were obtained in monkeys given near toxic levels of guanidine 
by mouth and challenge virus in the muscle. If their results and 
ours have protective significance, it is only to suggest that other 
compounds should be studied, for the guanidine effect could be 
demonstrated only at high levels that could not be well tolerated. 

Enterovirus excretion. Table 4 presents the detailed data on 
enterovirus isolation from feces. It should be noted that the virus 
challenge was not given until the third day after administration 
of guanidine. In view of the lack of polio antibodies prior to the 
virus feeding, the viruses isolated in the first 3 collections were 
presumably nonpolio enteroviruses. From the excretion patterns 
found, it would appear that the enteroviruses isolated after the 
poliovirus challenge were similar to those present before virus 
administration. In only two animals (#753 and 757, in the low 
guanidine group) was virus excreted before guanidine adminis- 
tration and not subsequently. 

In Table 5, the data on virus excretion are summarized. After 
receiving low dosages of guanidine. 9 of 12 monkeys excreted 
enteroviruses, whereas 10 of 10 were excreting viruses before 
guanidine administration began. For the high guanidine group, 
the 3 monkeys tested before treatment were excreting viruses. 
and all those tested after treatment began (6 of 6) also excreted 
viruses. Among the control animals, only 2 of 6 tested were ex- 
creting viruses at the beginning of the study period, but all 
excreted viruses following the time of guanidine administration. 
The high isolation rates observed are in keeping with an earlier 
study which we reported (3). 

Drug resistant virus. In an attempt to determine whether virus 
progeny recovered from treated (high dosage) animals had be- 
come resistant to the drug, two strains (Mahoney) recovered 
from the blood of 2 different monkeys were tested for suscepti- 
bility to guanidine in tissue culture. In control tests using the 
parent Mahoney virus, 50 »g of guanidine HC] inhibited polio- 
virus so that it grew only 1/100,000 as well as in its absence. 
However strains recovered from the 2 monkeys receiving guani- 
dine grew 1,000 times more efficiently in the presence of guani- 
dine than did the parent virus (8). 
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TABLE 5 


Summary: Excretion of enteroviruses by Cynomolgus monkeys before and 
after administrations of guanidine 





Number of monkeys excreting enteroviruses/number tested 


Group fed Group fed Group fed 
Israel strain Houston strain Mahoney strain 
Guanidine Pre- Post- Pre- Post- Pre- Post Totals 
dosage guanidine* guanidine* guanidine guanidine guanidine guanidine Pre- Post 
Low 4/4 4/4 3/3 3/4 3/3 2/4 10/10 9/12 
High 1/1 2/2 2/2 2/2 2/2 3/3 6/6 
Controls 1/2 4/4 1/2 4/4 0/2 4/4 2/6 12/12 





* Pre=before guanidine administration began. 
Post=samples collected after guanidine administration was started and during the period 
when it was being given. 


Conclusions 


Guanidine is an efficient inhibitor of poliovirus multiplication 
in tissue culture (1,6) but the drug did not decrease the incidence 
or severity of experimental poliomyelitis induced in cynomolgus 
monkeys by the oral route. 

The compound exerted no effect on the excretion of the natur- 
ally occurring simian enteroviruses, even in a guanidine dose 
range that was at toxic levels for the monkey. 

After multiplying in monkeys receiving high daily doses of 
the drug, the virus became resistant to the action of guanidine, 
similar to the development of antibiotic resistant bacteria. This 
poses one more problem in the development of a satisfactory 
viral chemotherapeutic agent. 
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FASTING AND SMALL INTESTINAL TRANSIT* 


Ivan E. DANHOF 


Increased intestinal motility as evidenced by increased number 
and fluidity of stools has been shown to frequently accompany 
severe limitation of food intake or inanition in the human (6). 
Semistarvation in rats (7, 16) was accompanied by an increase 
in small intestinal propulsive motility. While the increase in 
gastric contractions during periods of hunger or decreased food 
intake has been attributed to a mild prevailing hypoglycemia 
(2, 8), the effect of lowered blood glucose levels on small in- 
testinal motility remains obscure. The purpose of the present 
study was to investigate in the rat factors which might be re- 
sponsible for increased small intestinal transit incident to pro- 
longed fasting. 


Methods 


Thirty-six male Sprague-Dawley albino rats, previously maintained on 
supplemented laboratory rat chow and water ad libitum, weighing 170 to 
208 grams, were divided into 6 groups of 6 rats each and fasted for 0, 6, 26, 
52, 79, and 99 hours, respectively. Water was permitted ad libitum. Body 
weights were recorded daily during the fasting period. After fasting the 
number of hours indicated, each member of the group (except the unfasted 
group) was given intragastrically 2 cc. per 100 grams fasted body weight of 
a suspension of 10% charcoal in 10% gum acacia. Thirty minutes later, the 
animal was sacrificed by a blow on the head, the abdominal cavity immediately 
opened, the gastrointestinal tract removed, and the per cent of small intestine 
traversed estimated using the Macht technic as modified by Van Liere 
et al. (13, 15). Coincident with the removal of the digestive tract, duplicate 
arterial blood specimens were obtained and the glucemic levels determined by 
the Hagedorn-Jensen method (4). Samples of liver and the gastrocnemius of 
the right hind limb were obtained, dissected free of fascia and connective 
tissue, blotted free of excess blood, placed in tared test tubes containing 30 per 
cent potassium hydroxide, immersed in a boiling water bath until tissue dis- 
solution commenced, and the glycogen concentration estimated using the 
method of Goode, Kramer, and Somogyi (3). The determination of glucose 
obtained from acid hydrolysis of the glycogen was made by the procedure of 
Shaffer and Somogyi (11). The adrenal glands were dissected free from fat 


* From the Department of Physiology, University of Texas Southwestern 
Medical School, Dallas, Texas. Submitted for publication May 15, 1961. 
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and connective tissue, sealed in parafilm packets to prevent dehydration, and 
later weighed on a milligram balance. 


Experimental Results 


The data are presented in Table 1. With continued fasting a 
progressive increase in the small intestinal transit was observed. 
The blood sugar levels showed considerable variation, i.e., in- 
creased glucose concentrations during fasting days one and two 
followed by reduced glucose concentrations to near the control 
level. A marked reduction in liver glycogen was noted to occur 
at 26 hours of fasting followed by small but progressive increases 
with continued inanition. The skeletal muscle showed progressive 
diminution in glycogen concentration as fasting progressed. The 
adrenal weights after showing no significant change during the 
first three days of fasting progressively increased after the 52nd 
hour of fasting. 


Discussion 


The progressive increase in small intestinal transit with con- 
tinued fasting could not be correlated with the prevailing glucose 
levels as has been reported with respect to gastric motility (2). 
The reported gradual diminution in blood glucose over the first 
2 to 3 days of fasting was not seen to occur (5). The increased 
glucose levels during this period of fasting may be related to in- 
creased utilization of body fat or protein (10). Roberts, Samuels, 
and Reinecke (9) have presented evidence for the concept that 
foodstuffs predominantly burned by the extra-hepatic tissues dur- 
ing the early stages of fasting corresponded to the major constit- 
uents of the previous diet. The animals in this study prior to the 
fasting period were maintained on a moderately high protein diet. 
Since the liver glycogen was significantly depleted by 26 hours of 
fasting, as has been previously observed (5), the blood glucose 
level was probably maintained by gluconeogenesis induced by 
increased adrenal glucocorticoid secretion at the expense of body 
protein (14). This is corroborated, in part, by the observed losses 
in body weight. 

Skeletal muscle glycogens gradually declined with fasting in a 
manner similar to reported values (5). 

While the adrenal gland weights were not significantly in- 








TABLE 1 


Small intestinal transit, aspects of carbohydrate metabolism and adrenal weights in fasting male albino rats 





Tissue glycogens} 





Animals 














Liver Skeletal muscle 
intestinal Blood (mgms./100 (mgms./100 Adrenal weight 
Length of Original Sacrifice isit per glucemic levels gms. wet gms. wet (mgms./100 gms. 
fast (hours) Number weight (gms.) weight (gms utes (%) (mgms. % wt. of tissue) wt. of tissue) body wt.) 

0 6 194 194 92.7 = 2.7 1034 + 32 458 + 35 23.4 + 2.1 
6 6 192 190 51.7 & 3:25 88.6 + 3.8 474 + 32 462 + 31 29.5 + 2.4 

26 6 200 189 64.4 + 2.8 105.3 + 4.8 83 + 16 434 + 14 21.9+2.4 
52 6 171 152 74.6 + 4.7 108.5 + 2.7 195 + 27 311 + 21 23.9 + 4.4 
79 6 173 147 78.3 + 2.8 S38. +33 248 + 32 216 + 15 26.9 + 1.5 
99 6 176 136 84.7 + 6.3 93.1 + 4.2 352 + 31 244 + 16 31.7+22 





+ Expressed as gh 


| 
tS.E = 
N(N-1) 
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creased until 79 hours of fasting, the fact that the blood sugar 
levels were initially maintained above contro] levels and that the 
liver glycogen gradually increased with continued fasting sug- 
gested that increased glucocorticoid secretion probably com- 
menced upon depletion of liver glycogen stores. Certainly a finite 
time period following continued application of starvation stress 
would be required for adrenocortical hypertrophy to be made 
manifest. 

While large doses of adrenocortical extract given to adrenalec- 
tomized rats inhibited the in vivo transit of intraluminal, dyed 
carboxymethyl] cellulose, moderate doses (as stress-related physi- 
ological doses) stimulated small intestinal transit (12). Streeten 
et al. (12) have suggested that aldosterone and other mineralo- 
corticoids were the responsible intestinal stimuli. Only larger 
doses of glucocorticoids exceeding the levels administered in the 
adrenocortical extract would influence the intestinal transit in a 
stimulatory manner similar to smaller doses of aldosterone and 
other salt-retaining steroids. It remains to be shown conclusively 
that mineralocorticoids are secreted in increased amounts during 
prolonged food deprivation; however, significant increases in 
aldosterone secretion have been shown to occur in rats which were 


only salt depleted (1). In the present study not only salt, but 
other alimentat’ .1 as well was unavailable to the animals. It is 
assumed in view of the demontrated adrenal hypertrophy that 
both gluco- and mineralocorticoid secretions were increased. 


Summary 


Small intestinal transit in the rat progressively increased with 
fasting up to 99 hours. The increase in intestinal propulsive mo- 
tility could not be correlated with the blood glucose concentra- 
tions. During the first two days of fasting the blood glucose levels 
were adequately maintained in the face of significant liver gly- 
cogen depletion. Thereafter, small progressive increases in liver 
glycogen were observed while the blood glucose concentrations 
remained near control levels. Skeletal muscle glycogen concen- 
trations gradually diminished with fasting. Significant adrenal 
hypertrophy, as evidenced by increased gland weights, occurred 
after 79 hours of fasting. The possible relation of increased 
adrenocortical secretion to increased small intestinal motility was 


discussed. 
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SUBMICROSCOPIC MORPHOLOGY OF 
AVIAN NEOPLASMS 
V. STUDIES ON NEPHROBLASTOMA:® °” 


L. DMocnHowsk1.’ C. E. Grey,* B. R. BurMEsTeER," 
AND W. G. WALTER® 


Burmester and his associates (13) have demonstrated that cell- 
free preparations of erythroblastosis strain R (Beard) induce 
visceral lymphomatosis in a high percentage of chickens that 
survived erythroblastosis. They have also shown that chickens 
inoculated with cell-free preparations of myeloblastosis strain A 
(Beard) virus, previously known to induce only myeloblastosis 
(1,2, 4), developed myeloblastosis, visceral lymphomatosis, renal 
adenocarcinomas, and osteopetrosis (13). This strain of fowl 
leukosis obtained from Dr. E. P. Johnson (47) was originally 
derived by Hall, Bean, and Pollard (42) from a naturally occur- 
ring case of neurolymphomatosis. They described the case as the 
BAI strain A, which caused either myeloblastosis or erythroblast- 
osis or both types of avian leukosis. 

The induction of renal epithelial tumors in chickens by cell- 
free or cell-containing preparations of a leukosis strain (ES-4 or 
erythroid leukemia-sarcoma strain of Engelbreth-Holm) was 
previously reported by Carr (14), but attempts to propagate these 
tumors with cell-free material resulted only in erythroleukemia 
(14). Recently, Carr (15) demonstrated the cell-free transmis- 
sion of a renal carcinoma induced by the Mill Hill 2 reticulo- 
endothelioma virus. The induction of kidney tumors with myelo- 
blastosis (Beard) virus has also been reported by Thorell (58). 

® Supported in part by Grant C-4140 from the National Cancer Institute, 
National Institutes of Health, Public Health Service. 

> Presented at the Eighteenth Annual Meeting of the Electron Microscope 
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These tumors could be transmitted by cell-free preparations (59) 
and serially transplanted (58). 

In a study of the transmission of renal tumors induced by the 
myeloblastosis (Beard or BAI-A) virus, Walter, Burmester, and 
Cunningham (61) have observed that these tumors can be propa- 
gated by cell transplants. Cell-free preparations from various 
consecutive renal tumor transplants induced an increased inci- 
dence of renal tumors and a decreased incidence of granuloblas- 
tosis (myeloblastosis), with the incidence of visceral lympho- 
matosis and osteopetrosis remaining approximately the same 
(61). The nephroblastoma, which can be induced in post-embry- 
onic life by a leukemia virus, may have to be included in the 
leukosis group of avian neoplasms (61). 

Studies on submicroscopic morphology of some of the forms of 
avian leukosis complex have already been reported by us (19- 
—25) and by others (3-8, 11, 45, 46, 53, 54). It appeared, there- 
fore, of interest to study the submicroscopic structure of the 
original (virus-induced) and transplanted nephroblastomas and 
to compare the results of such study with those of the studies of 
submicroscopic appearance of granuloblastosis (strain BAI-A) 
and of erythroblastosis strain R. Preliminary observations on the 
presence of characteristic virus particles in the original virus- 
induced nephroblastoma (kidney adenocarcinoma) and in the 
transplanted tumor after serial passage have already been re- 
ported (26). In the present study an attempt is made to present 
some similarities and differences between the submicroscopic 
structure of nephroblastomas, both virus-induced and trans- 
planted, and that of granuloblastosis (myeloblastosis BAI-A 
strain) and of erythroblastosis strain R. 


Materials and Methods 


The nephroblastomas examined in the present study were obtained from 
chickens of an inbred line of single-comb White Leghorns selected at the 
Regional Poultry Research Laboratory (line 151) for susceptibility to 
lymphomatosis and maintained in isolation for 17 years to reduce the extent 
of natural infection (62, 63). The tumors developed in chickens inoculated 
by the intravenous route, when 14 days old, with -1.5 and —2.5 log dose of 
myeloblastosis virus in plasma from chickens with myeloblastosis virus ob- 
tained from Dr. J. W. Beard (13). 

In addition to the virus-induced nephroblastomas, tumors following serial 
transplantation were studied, The transplanted tumors were obtained from 
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chickens used in cell transplantation experiments started with a pool of two 
nephroblastomas which developed in chickens inoculated with the myeloblas- 
tosis virus (strain BAI-A). Original donors developed the tumors at 160 days 
after inoculation. 

The tumor cell suspension was made by mincing freshly harvested tumor 
tissue in an Olson homogenizer (52) and diluting the resulting homogenate 
in two parts of Simm’s salt solution (55). The cell suspension was then 
filtered through sterile gauze, and following addition of antibiotics (1250 units 
of penicillin G and 2.5 mg of dihydrostreptomycin per ml) used for inocula- 
tion in 0.2 ml quantities into chickens (61). First passage with cell suspension 
was carried out by the intraperitoneal route, and all the subsequent passages 
(2-13) in the pectoral muscle. In general, tumors became palpable in 10-14 
days and were harvested at 3—4 weeks for further passage (61). Tumors from 
the 13th transplant were used for the present study. Cell-free extracts were 
prepared by Walter, Burmester and Cunningham (61) from tumors of 
passages 2, 8 and 12a and inoculated intravenously in 0.2 ml quantities into 
7-day-old White Leghorn chickens of line 151. The results obtained with these 
cell-free extracts will be reported elsewhere (61) and briefly discussed in the 
present paper in connection with the results of electron microscope studies of 
the transplanted tumors. 

The tissues for study in the electron microscope were prepared by pro- 
cedures based on fixation in veronal-acetate buffered osmium tetroxide and 
methacrylate embedding similar to that described for the study of erythroblas- 
tosis strain R (23), granuloblastosis( 25), visceral lymphomatosis (24), and 
erythroblastosis of RPL-12 strain (21). In order to obtain better preservation 
of specimens, ultrathin sections cut with glass knives on a Porter-Blum 
microtome, were dipped in suitably prepolymerized butyl methacrylate (a 
procedure developed by C. E. Grey). The sections, stained with uranyl nitrate 
(64), were examined in an RCA EMU 2E electron microscope. 


Results 


General. 


A histological study of the renal tumors, both the original and 
transplanted, revealed that the tumors are embryonal nephromas, 
histologically comparable with Wilm’s tumor of humans (61). 
Considerable variation in the degree and amount of differenti- 
ation of stroma and epithelium was found in this tumor with 
areas of cartilage and bone (61). The filtrate-induced tumors 
were of similar histological appearance to that of tumor trans- 
plants, and showed a predominance of either epithelial or sarco 
matous cells (61). Individual tumors or areas resembled adeno 
carcinomas or adenosarcomas (61). The term embryonal neph- 
roma suggested by Feldman (34) for this type of tumor in domes- 
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tic animals was replaced by the term nephroblastoma (33) and 
has been applied to renal tumors induced by granuloblastosis 
(myeloblastosis) strain BAI-A virus (61). 

The electron microscope studies were greatly facilitated by the 
above-mentioned histological studies. As far as general appear- 
ance of cells and their constituents is concerned, no difference was 
observed between the cells of virus-induced (original) and of the 
transplanted tumors. No changes, which could be described as 
characteristic, were found in the nuclei, nucleoli or the endoplas- 
mic reticulum. The shape of the nuclei was variable, and the 
nucleoplasm was densely granular and filamentous (Figs. 1, 7, 9, 
12), the nucleus occasionally showing invaginations (Fig. 1). 
Chromatin in variable amounts centrally or peripherally located, 
with nucleoli of variable size and location was frequently ob- 
served. In the cytoplasm numerous ribonucleoprotein particles 
were present, both free (Fig. 11) and attached to the endoplasmic 
reticulum (Fig. 1). Both smooth and rough endoplasmic retic- 
ulum was observed (Figs. 1, 9), with the Golgi apparatus (not 
illustrated) being variable in size and complexity. Occasionally 
the endoplasmic reticulum was found swollen and filled with 


homogeneous material of lesser density than that of the surround- 
ing cytoplasm (Fig. 1). Mitochondria of variable size, shape, and 
number were frequently encountered. They showed considerable 
variation in their internal structure, from fully preserved with 
distinct cristae to complete loss of internal structure with vacuoli- 


zation. 


Cytoplasmic Virus Particles. 


Two sites of cytoplasmic virus particles have been found in 
the tumor cells. One site is in inclusion bodies, presumably of 
mitochondrial origin (Figs. 7, 8). A second site occurs within ag- 
gregates of the cytoplasm (Figs. 7,9, 9a, 10, 11). 

The outer membranes of the cytoplasmic inclusion bodies are 
often more dense than those of normal appearing mitochondria, 
and their matrix is usually densely osmiophilic showing struc- 
tures which appear to be remnants of membranes (Figs. 7, 8). In 
some of the larger bodies with a dense matrix, no internal or outer 
limiting membranes can be found. In what may be the last stage 
of formation of the inclusion bodies, it is difficult to determine 
whether the virus particles have been phagocytized or whether 
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they are being released as a result of cells breaking down. Within 
the inclusions fully formed virus particles with a nucleoid and 
surrounding dense membrane may frequently be seen (Figs. 7, 
8). 

The virus particles within inclusions of possible mitochondrial 
origin in both the original virus-induced and transplanted neph- 
roblastomas show a variation in size from 625A to 870A, with 
the greatest number measuring approximately 760A. The size 
range of the particles is more limited than that encountered in 
other intra- and extra-cytoplasmic virus particles. 

The second site of cytoplasmic virus particles can be found in 
the cytoplasmic aggregates, which are composed of small dense 
osmiophilic particles of the size and appearance of ribonucleo- 
protein granules (Figs. 7, 9, 9a, 10, 11). These aggregates vary in 
size and have been usually found in the outer part of the cyto- 
plasm (Figs. 7,9). The granules are frequently seen to aggregate 
in size similar to that of the nucleoid of fully formed virus par- 
ticles (Figs. 9a, 10). Within the aggregates, described as viral 
matrix, various structures may be observed which could be in- 
terpreted as virus particles in different stages of formation (Figs. 
9a, 10). Fully formed virus particles gradually replace the viral 
matrix (Fig. 11) and are released into the intercellular spaces or 
the lumen of tubules (Fig. 12) following either the breakdown 
of the cell or vacuolization of the affected part of the cytoplasm. 
The gradual emergence of virus particles from viral matrix of 
the cytoplasm is illustrated in Figures 9a, 10, and 13. The virus 
particles may also be observed within viral matrix released or 
extruded by the cells and present in the lumen of the tubule (Figs. 
12, 13). 

In many cells the viral matrix is present in the cytoplasm 
showing inclusion bodies of probable mitochondrial origin (Fig. 
7). The virus particles which are found in the viral matrix fre- 
quently show an eccentrically located nucleoid, and have a wider 


size range than that encountered in the cytoplasmic inclusions, 
varying from 600A to 1250A in diameter (Figs. 11, 11a). The 
particles most frequently encountered are of 800A, 875A and 
1000A diameter. 

No transitional stages could be found between the two sites of 


cytoplasmic virus particles. An additional site has frequently 
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been encountered, usually occurring in cells showing one or both 
of the other two sites. The evidence so far obtained indicates that 
both the cortical cytoplasm and plasma membrane appear to par- 
ticipate in the formation of virus particles at the cell border (Figs, 
1, 4, 5, 6, 7, 11). The various stages in possible particle formation 
by the cell membrane may be seen in Figures 5, 6 (a—h). These 
may be described in the following sequence: thickening of the 
cellular membrane which separates into two well-defined mem- 
branes, gradually increasing protrusion or “budding” with nar- 
rowing and pinching off of the particle. The particles appear 
either as structures with two concentric rings or as structures 
with a dense center gradually increasing in size. Some virus par- 
ticles appear to be attached to the cellular membrane by a fila- 
ment of varying thickness, and some show only a double mem- 
brane without a dense nucleoid (Figs. 4, 5, 6). The relationship 
of the two types of particles, those with and without the nucleoid, 
remains uncertain. The particles with two membranes without 
the dense center may be a stage in the formation of the complete 
virus particles containing the nucleoid. 


Intercellular Virus Particles. 


Large numbers of intercellular virus particles have been ob- 
served in many sections both of the original virus-induced and 
of the transplanted nephroblastomas. No relationship could be 
established between the number of cytoplasmic particles and 
that of intercellular virus particles. Many fully developed inter- 
cellular virus particles have been observed near the “budding” 
processes of cells (Figs. 1, 7, 11). They have also been found in 
the lumen of tubules of the nephroblastomas (Figs. 2, 3). The 
intercellular virus particles in the original virus-induced nephro- 
blastomas are largest, ranging in size from 500A to 1400A in 
diameter. Virus particles of approximately 1000A were most 
frequently encountered. The particles observed in the intercellu- 
lar spaces and tubules of the transplanted nephroblastomas are 
somewhat smaller in size, ranging from 600A to 950A, with the 
most frequently encountered size of 800A. 


Granuloblastosis (Myeloblastosis BAI-A Strain). 


In view of the changes observed in the cells of nephroblastoma 
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induced by the myeloblastosis strain BAI-A virus, it appeared 
of interest to re-examine organs and tissues from chickens with 
granuloblastosis induced by this virus. Spleen and bone marrow 
of the diseased chickens were studied. In the spleen, virus particle 
formation appears to take place within cytoplasmic inclusions, 
which could be interpreted as being of mitochondrial origin 
(Figs. 14, 14a, 16). In spite of intensive search, no other sites of 
intracellular virus particles formation could be found. However, 
in the cells of myeloid origin present in the bone marrow of the 
diseased chickens, in addition to the presence of virus particles 
within cytoplasmic inclusions the cellular membranes appear to 
participate in the formation of virus particles (Figs. 15c, 15d). 
The type of cells in the spleen in which the intercellular particles 
have been observed may be seen in Fig. 14. These cells are granu- 
loblasts and macrophages. Virus particles are present in the inter- 
cellular spaces in both spleen and bone marrow. The size of virus 
particles, observed in the cytoplasmic inclusions of probable mito- 
chondrial origin, has been found to vary from 500A to 780A, 
with the largest number of particles in the 670A range. The size 
of particles in the intercellular spaces is somewhat larger, with 
particles of 800A in diameter predominating in number. 


Erythroblastosis Strain R. 


In view of the apparent difference in the sites in which cyto- 
plasmic virus particles appear to be formed in nephroblastomas 
and granuloblastosis (myeloblastosis BAI-A strain), it appeared 
of interest to re-examine organs from chickens with erythro- 
blastosis strain R (Beard). In the spleen of the diseased chickens, 
virus particles have been observed in the intercellular spaces. in 
cytoplasmic inclusions of probable mitochondrial origin, and in 
intracytoplasmic vacuoles, some of which could be interpreted 
as due to degeneration of mitochondria (Figs. 17, 17a, 18). The 
cytoplasmic particles have been observed in the cells of erythroid 
origin, in macrophages and histiocytes. In spite of prolonged 
search, no cytoplasmic aggregates, similar to those found in 
nephroblastomas, could be observed in the spleen or bone marrow 
of chickens with erythroblastosis or myeloblastosis. Plasma mem 
branes of cells of erythroid origin also appear to participate in the 
formation of virus particles (Figs. 15a, 15b). Virus particles in 
the cytoplasmic inclusions have been found to vary from 550A 
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to 820A, with the largest number of virus particles being of 
670A diameter. Again, as in granuloblastosis, the size of particles 
in the intercellular spaces has been found somewhat larger, with 
particles of 800A in diameter being the most frequently en- 
countered. 


Discussion 


Successful transmission of nephroblastomas by means of cell- 
free extracts of the transplanted tumors has been reported by 
Walter, Burmester, and Cunningham (61). The cell-free prepa- 
rations from tumors of the 2nd transplant induced granuloblas- 
tosis (65%); nephroblastoma (30%); visceral lymphomatosis 
(12%); and osteopetrosis (17%). Similar preparations from 
tumors of the 8th transplant induced a much lower incidence of 
granuloblastosis (5%); a high incidence of nephroblastomas 
(62.5%); an increased incidence of visceral lymphomatosis 
(62.5%); and osteopetrosis (17.7%). Cell-free preparations 
from tumors of the 12a transplant failed to induce granuloblas- 
tosis. but caused a high incidence of nephroblastomas (64.9%); 
they also induced visceral lymphomatosis (18.9%) and osteo- 
petrosis (18.9%). A number of chickens, inoculated with cell- 
free material from the transplanted tumors, developed two neo- 
plastic conditions in all possible combinations, except for the 
leukemia and visceral lymphomatosis combination, and some 
developed three neoplastic conditions (61). 

The change in tumor-inducing property of the BAI-A strain 
of myeloblastosis virus after serial passages of nephroblastoma 
could be explained in several ways. If the original myeloblastosis 
virus preparation contained several viruses, segregation and 
elimination of the virus responsible for myeloblastosis may have 
taken place (61). It could also be explained on the basis of a 
single agent with a multiple tumor-inducing property which has 
changed following repeated tumor passages (61). The possibility 
of modification of one virus may also have to be considered (61). 
Many investigators have held the view that avian leukosis strains 
contain a single virus with a property to induce a distinct range 
of tumors under specific circumstances (47, 48, 51, 57, 58, 60, 
66). Evidence has been presented, in the case of the polyoma 
virus, that one virus is responsible for the many types of tumors 
in animals of several species (56). If one virus is responsible for 
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the neoplasms induced by the BAI-A strain of myeloblastosis, 
the resistance of the host or loss of titre during serial passages 
are not likely to be responsible for the lack of leukemic response, 
in view of the data available from bioassays of the transplanted 
tumors (61). 

In this connection, the data obtained by Walter, Burmester, 
and Cunningham (61) from transplantation of nephroblastomas 
appear to be of interest. The tumors were easily propagated in 
young chickens by cell suspensions, which induced progressive 
growth at the site of inoculation and led to the death of the host 
within the comparatively short time of 5 weeks. Some chickens 
developed also distant tumors, such as nephroblastomas, visceral 
lymphomatosis, osteopetrosis, and granuloblastosis. This could 
only be attributed to a virus or viruses released from the trans- 
planted tumor cells (61). In chickens with tumors of the 10th 
to 12th transplant of nephroblastoma, all other tumors except 
granuloblastosis appeared (61). These results correspond with 
those obtained by cell-free preparations from nephroblastomas 
of the later passages. The age of chickens, used for transplants. 
cannot be taken as the reason for the disappearance of granu- 
loblastosis, since chickens of similar age (15 days) inoculated 
with leukemic plasma of lower concentrations than the tumor 
suspensions developed a higher than 90% incidence of granu- 
loblastosis (61). 

Successful transmission of chicken kidney tumors has also been 
reported by Thorell (58). These tumors were induced by virus 
of the same origin as that used by Walter et al. (61), and by 
Burmester et al. (13). However, the tumors were described as 
adenosarcomas of the kidneys. Chickens, inoculated with the 
BAI-A strain virus at the age of 3 days, developed a 100% inci- 
dence of granuloblastosis. Similar chickens, inoculated with the 
same virus preparation, when 14 days old, developed a 50% 
incidence of leukemia and a 30% incidence of kidney tumors. 
In chickens inoculated with cell-free preparations of the trans- 
planted kidney tumors, the incidence of granuloblastosis de- 
creased to 20%, while the incidence of kidney tumors increased 
to 80% (59). Thorell (58) considered the possibility of a modi- 
fied host response in chickens partly resistant to granuloblastosis 
(myeloblastosis) or the possibility of the presence of several 
types of leukemia virus in the plasma of leukemic birds as reasons 
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for the induction of the kidney tumors. He considered the latter 
possibility as a more likely one, in view of the appearance of 
kidney tumors, following inoculation of 3-day-old chickens with 
leukemic plasma in higher dilutions, and the induction of leu- 
kemia only in chickens inoculated with lower dilutions, and the 
induction of leukemia only in chickens inoculated with lower 
dilutions of the same plasma. Thorell, however, pointed out that 
host reactions could not be eliminated in this manner (58). 
Myeloblastosis (35) and erythroblastosis (36) are the two leu- 
kemic forms of the chicken leukosis complex which are con- 
sidered to be induced by an agent, or agents, distinct but im- 
munologically related (1). According to Thorell (58), the related 
but not identical myeloblastosis and erythroblastosis viruses of 
chicken leukemia affect different stem cells in the hematopoietic 
organ, the leukoblasts and pro-erythroblasts respectively. 

Many of the physical, chemical, and biological properties of 
the myeloblastosis (granuloblastosis) virus have been described 
(28, 29). Extensive electron microscope studies of sections of 
organs of chickens with granuloblastosis have been reported by 
us (18, 19, 20, 22, 25) and by others (6). Characteristic virus 
particles varying in size from 670A to 800A have been observed 
within the cells and in the intercellular spaces in sections of 
organs of the diseased chickens. Similar particles have also been 
observed in sections of centrifugal pellets from plasma of chickens 
with myeloblastosis (8). A study of myeloblasts from circulating 
blood of the diseased chickens has shown little evidence of the 
presence of a virus (54). Examination of myeloblasts grown in 
tissue culture has revealed mitochondria and osmiophilic bodies, 
varying in size and shape (“gray bodies”); some of these bodies 
have been found in the process of vacuolization enclosed by a 
membrane (11). In some of the bodies, with outlines of mito- 
chondrial cristae, virus particles have been found (54), similar 
to particles in the centrifugal pellets from plasma of chickens 
with myeloblastosis (8). The presence of the “gray bodies” in 
myeloblasts grown in vitro has repeatedly been observed (11, 
12,53). Correlative cytochemical and electron microscope studies 
of myelobasts grown in tissue culture have provided information 
on the constitution and activity of these bodies (12, 38, 65). 
There is impressive evidence that the virus particles encountered 
in reticular cells of the spleen and bone marrow (6) and in the 
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granuloblasts of the spleen (18, 19, 20, 22, 25) represent the 
agent responsible for myeloblastosis. From the studies of organs 
of the diseased chickens and of myeloblasts grown in vitro, it 
appears that virus particles are formed in cytoplasmic inclusions, 
described as “‘viroplasts” in some studies (38), which could be 
interpreted as being of mitochondrial origin. In none of the 
studies on myeloblastosis, so far described, has the participation 
of the plasma cell membrane in the formation of virus particles 
been noted. 

Electron microscope studies of organs from chickens with 
erythroblastosis strain R have revealed, as in myeloblastosis, the 
presence of extracellular virus particles and particles (670A) 
within cytoplasmic inclusions of probable mitochondrial origin 
and within cytoplasmic vacuoles (18, 19, 20, 22, 23). The virus 
particles have been observed in “‘tumorous” cells. This term was 
used to describe primitive cells of erythroid origin (23) and not 
the reticular cells or macrophages, which do contain virus parti- 
cles. but their presence in such cells was considered incidental 
to the process of malignancy. It may, however, indicate that 
incomplete and fully developed virus particles are taken up by 
macrophages and synthesized or replicated, as suggested by 
Iwakata (45) and Iwakata and Amano (46). 

The presence of virus particles (800A) in the affected organs 
(spleen and bone marrow) of chickens with erythroblastosis has 
also been reported by other sources (5, 7, 45, 46). Particles 
similar to those described in the sections of cells have also been 
found in sections of ultracentrifugal pellets from infective plasma 
of chickens with erythroblastosis (8). There is, therefore. 
strongly suggestive evidence available that the virus particles 
are the causative agent of erythroblastosis. While in our studies 
(23) virus particles have been observed chiefly in “tumorous” 
cells, in other studies (5) they have been found in reticulocytes, 
macrophages, and paraerythroblasts, in that order of frequency. 
The difference in the frequency of distribution of virus particles 
within cells of the different organs may be due to the stage of the 
disease at which organs of the affected chickens were taken for 
electron microscope study. It is possible that the presence of virus 
particles increases in erythroblasts during the last stages of the 
disease. In all studies mentioned, virus particles have been found 
in the intercellular spaces, intracytoplasmic vacuoles, and in the 
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cytoplasmic inclusions. In one study the apparent formation of 
virus particles by cell membrane of erythroblasts of the bone 
marrow has been noted (5). 

Electron microscope studies of erythroblasts in the bone mar- 
row of the diseased chickens, in the circulating blood, and of 
erythroblasts grown in tissue culture have recently been reported 
(44). These studies confirmed essentially the results already 
discussed and obtained in the affected organs of chickens with 
erythroblastosis (5, 23, 45, 46). Little evidence of alterations in 
the structure of erythroblasts from the circulating blood of chick- 
ens with erythroblastosis has been observed, but extensive 
changes have been noted in the erythroblasts grown in tissue 
(44). Large numbers of virus particles have been found in these 
erythroblasts, mostly in a matrix of amorphous material outside 
and around the cells. Virus particles have also been observed 
“engulfed” in intracytoplasmic vacuoles (44). These vacuoles, 
however, appear to be enclosed by a single membrane similar in 
appearance to that of some of the altered mitochondria. Apparent 
formation of virus particles has been found to take place within 
certain loci of the cytoplasm of erythroblasts grown in vitro (44). 
In addition, the cellular membrane has been to participate 
through the “budding” process in the formation of virus particles 
in erythroblasts maintained in tissue culture (44). 

The present findings essentially confirm those already pub- 
lished on myeloblastosis and erythroblastosis by us (18, 19, 20, 
23, 25) and by others (5, 6, 7, 45, 46). It appears that formation 
of virus particles may take place within cytoplasmic inclusions, 
which could be interpreted to be altered mitochondria of the 
various types of cells of the spleen and bone marrow of chickens 
with myeloblastosis (Figs. 14a, 16) and the erythroblastosis 
(Fig. 18). In some cases, it is indeed difficult to decide whether 
virus particles are present in the cytoplasmic vacuoles or in the 
cytoplasmic inclusions which have undergone vacuolization 
(Fig. 14a), but in other cases, the cytoplasmic inclusions, at 
least in our opinion (17), appear to be an integral part of the 
cytoplasm (Figs. 14a, 16, 18). 

It is of interest that the apparent formation of virus particles 
by cell membranes appears to take place both in erythroblastosis 
(Figs. 15a, 15b) and in myeloblastosis (15c, 15d), although in 
both diseases, especially in the latter, it has been much less fre- 
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quently encountered than the virus particles within the cyto- 
plasmic inclusions. 

An extensive search failed to reveal any cytoplasmic aggregates 
within the cells of the spleen and bone marrow of chickens with 
granuloblastosis and erythroblastosis. This, of course, need not 
indicate that this site of virus particles is entirely absent in the 
cells of the affected organs of chickens with myelo- and erythro- 
blastosis. It may, however, point out that virus particles within 
cytoplasmic aggregates occur much less frequently than virus 
particles within cytoplasmic inclusions and within cellular mem- 
branes. 

In nephroblastoma, both virus-induced and transplanted, as in 
all forms of chicken leukosis which have been studied, virus par- 
ticles occur within cytoplasmic inclusions, which could be in- 
terpreted as being of mitochondrial origin (Figs. 7,8). 

The apparent formation of virus particles by cytoplasmic mem- 
branes also occurs in nephroblastoma, both original and trans- 
planted (Figs. 5, 6). It has been much more frequently en- 
countered in nephroblastomas than in granuloblastosis and 
erythroblastosis. Formation of virus particles at the cell mem- 
brane has previously been reported in mouse mammary Carci- 
noma (19, 16, 49) and in certain types of mouse leukemia (43). 

A characteristic feature of nephroblastomas, not encountered 
as yet in any of the chicken leukosis forms, is the presence and 
what appears to be formation of virus particles within cytoplas- 
mic aggregates described as viral matrix (Figs. 7, 9, 9a, 10, 11). 
The virus particles are still present within the cytoplasmic ag- 
gregates, following the breakdown of cells (Figs. 12, 13), although 
virus particles cannot continue to be formed in such aggregates 
outside the living cells. At this stage of investigations, it may be 
premature to arrive at a conclusion that this form of particle de- 
velopment is characteristic of nephroblastoma and not of any 
other form of chicken leukosis or of other chicken tumors. In- 
deed, recent information on Rous sarcoma appears to confirm this 
doubt. 

Extensive studies on the ultrastructure of Rous sarcoma virus 
and of tumors induced by this agent were carried out by a number 
of workers (10, 30, 31, 32, 37, 39, 40). The presence and location 
of virus particles outside the cells and within cytoplasmic vacuoles 
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of tumor cells were described and the structure of virus particles 
demonstrated. However, no structures were observed which 
could be interpreted as different stages of virus particle develop- 
ment in the cytoplasm of tumor cells. An electron microscope 
study of chick embryo fibroblasts infected with Rous sarcoma, 
recently carried out (41), has revealed some stages of the de- 
velopment of virus particles, although apparently not a complete 
cycle, within loci of the cytoplasm, resembling to a certain extent 
the viral matrix observed in the cytoplasm of nephroblastomas. 
Particles present in these loci differ somewhat from other Rous 
virus particles. They have a considerably more developed nucle- 
oid (330A) but less dense, surrounded by a single fine membrane, 
which in turn is surrounded by ribonucleoprotein particles. These 
virus particles measure 440A and are therefore smaller than the 
particles present outside the cells. The relationship of the smaller 
intracytoplasmic particles to the other larger particles is un- 
known. In addition, characteristic virus particles have been 
found extracellularly and in cytoplasmic vacuoles, interpreted as 
invaginations of the cell membranes (41). Similar particles have 
also been found within certain loci in the cytoplasm of Rous sar- 
coma cells (41). which correspond to previously described “gray 
bodies” (11) or “viroplasts” (38) in myeloblastosis. 

In the nephroblastomas examined in the present study, some 
cells have been observed showing all three sites of apparent virus 
particle development. Cytoplasmic inclusion bodies of probable 
mitochondrial origin, the cytoplasmic aggregates or viral matrix, 
and the “budding” process of cellular membranes have been 
found in that order of frequency. In the material examined, no 
great difference could be observed between the original and the 
transplanted nephroblastomas in the frequency of occurrence of 
the three types of cellular alterations. 

In view of the origin of nephroblastomas which were induced 
by the myeloblastosis BAI-A strain virus and the results of bio- 
assays of cell-free preparations from nephroblastomas after sev- 
eral sequential passages, an attempt was made to analyze the size 
distribution of virus particles observed in the primary and the 
transplanted tumors, in an attempt to correlate virus particles of 
a certain size with the results of bioassays. The size of virus par- 
ticles observed in the cytoplasmic inclusion bodies in the primary 
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(virus-induced) nephroblastomas varies from 625A to 850A. 
Particles of 750A diameter (100 pariicles counted) were most 
frequently observed. In the transplanted nephroblastomas, a 
similar size range of particles was observed, with the most fre- 
quently encountered particles (100 particles counted) measuring 
approximately 800A. There appears to be no significant differ- 
ence in the size of virus particles present in the cytoplasmic in- 
clusions in both types of neophroblastomas. The virus particles 
present within the so-called viral matrix of primary tumors range 
from 600A to 1250A. Particles most frequently found measure 
800A, 875A. and 1000A. Particles of the three sizes were en- 
countered in equal numbers (100 particles counted). Virus par- 
ticles in the viral matrix of the transplanted (13th passage) 
nephroblastoma range in size from 625A to 1125A. Particles of 
750A diameter were observed most frequently (100 particles 
counted). At this stage of investigation it is difficult to make any 
comments about the apparent difference in size of the particles 
present in the viral matrix of the primary and transplanted 
tumors. The extracellular particles in the primary nephroblas- 
toma vary in size from 500A to 1350A, with the largest number 
of particles measuring 1000A. The extracellular particles in the 
transplanted nephroblastoma range in size from 600A to 850A, 
with the largest number of particles being of 800A diameter (100 
particles counted). No difference could be observed between the 
morphological appearance of the virus particles present in the 
primary and transplanted nephroblastomas. At present it is not 
possible to account for the great variation in size of the virus par- 
ticles in nephroblastomas. They may represent different viruses, 
or the same virus in different stages of development. 

Measurement of virus particles in granuloblastosis, erythro- 
blastosis, and visceral lymphomatosis were previously reported 
(23, 24, 25). The present study confirms the previous reports. 
Virus particles present in both granuloblastosis and erythroblas- 
tosis vary in size from 550A to 830A, with the largest number of 
particles measuring 670A (100 particles counted). The size of 
these particles falls within a narrow zone of the size range of par- 
ticles present in primary and transplanted nephroblastomas. A 
comparison of the size of virus particles most frequently encoun- 
tered in myeloblastosis with that of the virus particles most nu- 
merous in nephroblastomas appears to indicate a shift toward a 
larger size particle in nephroblastomas. 
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At present there is no evidence that the virus particles of vari- 
able size which appear to be formed in several different sites of 
the nephroblastomas cells are related to each other or even to the 
tumor itself. No correlation could be established between the par- 
ticles of different size present in the primary and the transplanted 
nephroblastomas and the results of bioassays, which demon- 
strated the gradual increase in the incidence of nephroblastomas 
and the disappearance of myeloblastosis in chickens inoculated 
with cell-free extracts of these tumors obtained from sequential 
passages (61). 


Summary 


An electron microscopy study of nephroblastomas in chickens 
(previously described as renal adenocarcinomas) was carried 
out. Tumors induced by cell-free preparations of the myeloblas- 
tosis strain A (Beard), and after serial transplantations in chick- 
ens were studied. Cytoplasmic and intercellular virus particles 
were observed in the induced and transplanted nephroblastomas. 
Cytoplasmic particles present within cytoplasmic inclusions, 
probably of mitochondrial origin, and in cytoplasmic vacuoles 
average 750A, ranging in size from 625A to 850A. Similar par- 
ticles. somewhat larger in size, are present at the cell border and 
the cell membranes appear to be involved in their formation. The 
particles in the intercellular spaces, although similar in appear- 
ance, are larger and average 1000A. In addition, the cytoplasm 
itself appears to participate in the formation of virus particles. 
The particles which appear to form within the cytoplasmic ag- 
gregates vary in size from 600A to 1250A; the most frequently 
encountered particles measure 800A, 880A, and 1000A. The virus 
particles are composed of a nucleoid, surrounded by a single or 
occasionally by a double membrane, while some, probably im- 
mature particles contain only double membranes, The relation- 
ship of the virus particles to nephroblastoma and to the virus 
particles observed in myeloblastosis strain A and in erythroblas- 


tosis strain R is discussed. 
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Fic. 1. Electron micrograph of a thin section of a cell from primary 
nephroblastoma induced by the myeloblastosis BAI-A strain virus. Numerous 
extracellular virus particles (VP) may be seen. Nucleus (N) with invagina- 
tion (1); the cytoplasm (CY) shows numerous mitochondria (M) and swollen 
endoplasmic reticulum (ER). Two arrows point to the “budding” process. 
X 16,000. 





Fic. 2. Lumen (L) of a tubule in the transplanted nephroblastoma, show- 
ing a large group of virus particles (VP). The lumen is surrounded by cells, 
showing mitochondria (M), one containing a virus particle (arrow). 
xX 20,000. 
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Fic. 3. Part of Fic. 2 at higher magnification. Internal structure of virus 
particles (VP) may be seen. x 40,000. 

Fic. 4. “Budding” processes with apparent formation of virus particles by 
cellular membranes (arrows). Some virus particles show two concentric 
membranes and are devoid of the nucleoid. Primary nephroblastoma. 


x 68,000. 








Fic. 5. Primary nephroblastoma. Part of two cells showing apparent forma- 
tion of virus particles by cellular membranes (arrows). Virus particles in the 
intercellular space. x 48,000. 

Fic. 6a-h. Examples of various stages of “budding” process by cellular 
membranes in primary and transplanted nephroblastoma. 

Fics. 6a-6f, « 42,000. 

Fics. 6g-6h, x 104,000. 











Fic. 7. Part of one cell of primary nephroblastoma, showing in the cyto- 
plasm (CY) an early stage of viral matrix (VM) and an inclusion body (IB) 
of probable mitochondrial origin, filled with virus particles (VP). Some 
“budding” process is also present (arrows), nucleus (N) apparently un- 
a Numerous virus particles present in the intercellular spaces. x 

Fic. 8. Mitochondria (M) and inclusion bodies (IB) in the cytoplasm of a 
primary nephroblastoma. Virus particles (VP) may be seen in the inclusion 
bodies. x 45,000. 
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Fic. 9. Part of a cell of primary nephroblastoma, showing nucleus (N) 
with cytoplasm (CY) with viral matrix (VM). Part of the nucleus cut in 
oblique section, showing cross sections of channels in the nuclear membrane 


(NM) with material within the channels which appears as annuli (arrows). 
x 18,000. 





Fic. 9a. An enlarged area of Fic. 9, showing viral matrix (VM) at higher 
magnification. Arrows point out structures which may be early stages of virus 
particle formation. « 42,000. 

Fic. 10. Viral matrix (VM) with structures which could be interpreted as 
virus particles in various stages of formation. Primary nephroblastoma. 
X 33,000. 
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Fic. 11. Part of the cytoplasm (CY), showing virus particle (VP) in the 
final stages of formation from viral matrix. Mitochondrion (M) containing 
virus particle (VP). Virus particle (VP) formation by cellular membrane 
(arrows). * 30,000. 

Fic. 11a. An enlargement of enclosed area of Fic. 11, showing virus 
particles of varying size and location of the nucleoid. x 56,000. 
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Fic. 12. Low power view of a tubule containing what appears to be viral 
matrix (VM) extruded into the lumen. Primary nephroblastoma. x 2,400. 

Fic. 13. Part of viral matrix, shown in Fic. 12, at higher magnification. 
X 65,000. 





Fic. 14. Low power view of spleen from a chicken with myeloblastosis 
BAI-A strain, showing areas containing virus particles (Fic. 14a). A mitotic 
figure (MF) may be seen. « 5,000. 
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Fic. 14a. Part of Fic. 14 at higher magnification, showing cytoplasmic in 
clusion bodies of probably mitochondrial origin (IB) with virus particles 
X 28,000 


Fic. 15a-d. Apparent virus particle formation by cell membranes Cells of 
erythroid origin in the spleen of chickens with erythroblastosis (Fics, 15a 


15b). Cells of myeloid origin in the bone marrow of chickens with my eloblas- 
tosis (Fics. 15c, 15d). x 64,000. 





576 Dmochowski, Grey, Burmester, and Walter 


‘a 
Fic, 16. Cytoplasmic inclusion bodies of probable mitochondrial origin in 
the spleen of a chicken with myeloblastosis. « 40,000. 
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Fic. 17. Low power view of spleen from chicken with erythroblastosis 
strain R. x 5.000 
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Fic. 17a. The area outlined in Fic. 17, at higher magnification. Mito- 
chondria (M) and inclusion bodies presumably of mitochondrial origin (IB) 
containing virus particles may be seen. Membranous structures (MS). Part 
of the cytoplasm (CY) of a cell, probably a macrophage. x 24,000. 





_Fic. 18. Inclusion bodies (IB) of probable mitochondrial origin containing 
virus particles and mitochondria (M) in the cytoplasm of cells from spleen 
of chicken with erythroblastosis. < 36,000. 





THE USE OF A MOUSE ORAL LD50 TO EVALUATE 
THE IMMUNOGENICITY OF TRICHINELLA 
METABOLIC ANTIGENS* 


ApAM EweErT” AND LERoy J. OLSON® 


In studies designed to induce immunological tolerance in the 
white mouse to Trichinella spiralis (Ewert and Olson, 1960), the 
problem of evaluating the immunogenicity of antigenic materials 
has been of vital importance. While the antigenic composition of 
Trichinella larvae is known to be very complex (review: Kagan, 
1960; Olson et al., 1960), several workers have directed their at- 
tention to Trichinella metabolites as immunogenic materials; the 
resistance of mice injected with these metabolites to sublethal in- 
fection has been measured by comparative worm burdens at 
necropsy (Campbell, 1955; Chipman, 1957; Chute, 1956; Ewert 
and Olson, 1960). This report presents results on the use of an 
oral LD50 challenge infection as a method of evaluating met- 
abolic antigens hereafter called ES antigens (excretions and se- 
cretions of cultured larvae). 


Mate.ials and Methods 


Fairfield-Webster white mice were used in this study. The stock infection of 
Trichinella was maintained by passage in Holtzman male rats. Larvae for 
maintenance of stock infections, infection of experimental mice and produc- 
tion of ES antigen were recovered by pepsin digestion of skeletal muscles 
from rats necropsied 6 to 12 weeks after infection with 3000 larvae. Larvae 
recovered from muscle digests were washed and suspended in a nutriert 
broth-gelatin solution. Samples of this suspension were taken to determine 
the number of viable organisms per unit volume; an adjustment of this con- 
centration of larvae was made to deliver the required number of larvae per 
dose for infecting animals. 

ES antigen was prepared from supernate recovered from cultured larvae. 
Cultures were prepared by recovering known numbers of viable larvae from 
nutrient broth-gelatin suspensions; the larvae were washed and resuspended 
at a concentration of 2500 larvae per ml of Simms-beef serum ultrafiltrate; 
500 units of penicillin and 500 mcg of streptomycin were added per ml of 
Simms solution. Ten ml] amounts of this suspension were incubated in cotton- 
stoppered 50 ml flasks for 5 days at which time the supernate from cultures 
was recovered, pooled and kept at — 20°C until use. Cultures in which 50 
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percent or more of the larvae present were non-viable after the 5 days were 
discarded. Larvae were kept at 37°C throughout the above recovery and 
incubation procedures (Ewert and Olson, 1960). 

Results 

A total of 94 male mice were used in two experiments. For 
each experiment infective larvae were suspended in a nutrient 
broth-gelatin solution and administered from a common pool to 
each mouse by stomach intubation; seven groups of mice were 
infected with doses ranging from 500 through 10,000 larvae per 
mouse. Following infection dead mice were collected daily and 
weighed; live mice were weighed at 2 day intervals during the 
30 day observation period after infection. A total of 85 female 
mice were similarly treated in replicate experiments, except that 
the two groups of mice receiving 500 and 10,000 larvae per mouse 
were omitted due to the results obtained with male mice. All 
mice were 24 + 4 grams at the time of infection. Results of all 
experiments are combined in Table 1. 

The first death was noted on the second day after infection in 
the group receiving 10,000 larvae per mouse. Subsequent deaths 
were dose dependent; .e., mouse survival time increased as dos- 
age decreased. The pattern of deaths for male and female mice 
was found to be similar with the majority of deaths occurring 
during the first 11 days postinfection (see Fig. 1: mice receiving 
500 or 10,000 larvae not included). 

The mouse oral LD 50 was calculated by plotting percentages 
of dead mice for each dose group on logarithmic-probit graph- 
paper (Miller and Tainter, 1944). Agreement between the LD50 
for male and female mice was very close; lines plotted for each 
sex intersected at the 50 percent axis to give an LD50 of 1850 + 
175 larvae for both sexes. 

Records of mean weights for each group of mice during the 30 
day period of observation showed that weight loss was also dose 
dependent and most apparent in those mice receiving the greater 
number of larvae. 

Survival of ES-injected mice following an oral LD50 challenge. 
Three-week old experimental mice were each started on a series 
of intraperitoneal injections of ES antigen; a total of 0.9 ml of 
ES antigen was given each mouse in 6 divided doses spaced at 3 
day intervals. Control mice (litter mates of ES-injected mice) 
were similarly treated except that only the carrier solution for 
ES antigen, i.e., Simms-beef serum ultrafiltrate and antibiotics, 
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TABLE 1 
MOUSE MORTALITY FOLLOWING GRADED DOSES OF VIABLE TRICHINELLA LARVAE 














MALE MICE FEMALE MICE 
No. larvae per mouse No. larvae per mouse 
(no. mice per group) (no. mice per group) 
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was injected. One week after the last injection, when the mean 
weight of these mice was 23.2 grams, an oral LD50 of 1850 infec- 
tive larvae was given each mouse by stomach intubation. An ob- 
servation period of 12 days postinfection was selected on the basis 
of the results above. 

The results of this experiment are shown in Table 2. Out of a 
total of 61 ES-injected mice, 17 mice or 28 percent died during the 
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12 day observation period. By contrast 54 percent of 22 control 
mice died during this same period. The difference between these 
percentages of survival was found to be statistically significant 
(chi-square test, Snedecor, 1956). The 54 percent death rate for 
control mice in this experiment was in close agreement with the 
calculated LD50 obtained in the experiments above. ES-injected 
mice were also found to lose less weight (16 percent) as com- 
pared to control mice (24 percent) during the 12 day period. 


Discussion 


In these studies an oral LD50 of 1850 Trichinella larvae per 
mouse was obtained when the observation period was 12 days 
postinfection. On the basis of body weight, extrapolation of these 
results indicate an LD50 of 77 larvae per gram body weight, and 
an LD100 of 208 larvae/gbw for 24 gram male or female Fair- 
field- Webster mice. Various workers have reported on the infec- 
tive and lethal doses of Trichinella larvae for a variety of mam- 


TABLE 2 
Effect of prior immunization by intraperitoneal injections of mice with ES 
antigen on subsequent survival during a 12 day period after 
challenge with an oral LD50 of Trichinella larvae 








Mean weight Percent 
Material No. grams) prior weight No Percent 
injected mice to infection loss survivors deaths 
ES 61 23.2 16 44 28* 
Control 22 23.2 24 10 34 
* Indicates difference between groups significant at the 5 percent level 
Figure 1 
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malian hosts including mice, rats, hamsters, guinea pigs, monkey, 
dog, cow (review: Kagan, 1960; Zaiman et al., 1961). Previous 
reports on the dose response of mice to Trichinella larvae have 
been concerned primarily with infective doses for immunity 
studies, and to a lesser extent with lethal doses; these latter ex- 
periments have been variable in terms of the host and the design, 
hence, comparative conclusions are very difficult. Zaiman et al. 
(1961) working with male Swiss albinos averaging 20-27 grams 
at infection reported a pattern of deaths over a 36 day observation 
period which correlated with dosage. The data of these workers 
suggests an LD50 which appears to be in general agreement with 
that reported in this paper. 
Summary 

1. The mouse oral LD50 for infective Trichinella spiralis 
larvae was found to be 1850 + 175 for a 12 day observation period 
of both male and female mice weighing 24 + 4 grams at chal- 
lenge. A calculated LD50 of 77 larvae per gram of body weight 
and an LD100 of 208 larvae/gbw were obtained for mice under 
these conditions. 


2. The immunogenicity of Trichinella larval metabolites was 
significantly demonstrated by the increased resistance of mice. 
sensitized by a series of intraperitoneal injections of larval me- 
tabolites. to an oral LD50 challenge of infective larvae. 
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MIXED VIRAL INFECTIONS: INTERACTIONS 
BETWEEN COXSACKIE VIRUS AND POLIOVIRUS 
IN MICE AND TISSUE CULTURES* 


SIDNEY HALPERN” ° AND S. EpwarpD SULKIN” 


The results of studies of mixed viral infections have found 
experimental application in diagnostic and definitive virology 
(20, 44). in suggested methods for rapid adaptation of viruses to 
desired milieu (30), and have stimulated debate on the possible 
effects of viral interactions in mass vaccination procedures and 
in epidemiologic studies of natural infections, especially among 
the enteroviruses (45). 

Numerous factors may complicate the interpretation of data 
from mixed infections with Coxsackie virus and poliovirus. That 
these agents may propagate simultaneously in one host and even 
in the same tissue is suggested by the repeated observation that 
they may exist in the carrier state. The co-existence of these 
viruses has been demonstrated in clinical specimens from ill and 
well persons, in sewage, in flies trapped in poliomyelitis epidemic 
areas, in contacts of cases of poliomyelitis and in an intestinal 
carrier state in experimentally infected cynomolgus monkeys 
and chimpanzees (4, 25, 36, 54). In addition, it has been shown 
(37) that patients with paralytic poliomyelitis may excrete Cox- 
sackie virus and poliovirus and respond with antibodies to both 
agents. 

An epidemic of paralytic poliomyelitis characterized by a high 
incidence of dual infections with poliovirus and Coxsackie virus 
(32) provides support for an earlier suggestion (39) that certain 
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serologic types of Coxsackie virus may constitute a predisposing 
factor which might influence the clinical course of a poliomye- 
litis infection. More recently, experimental evidence has been 
presented (7) to support the hypothesis that central nervous 
system disease may at times depend upon a complex infection; a 
greater degree of pathology in monkeys resulted from mixed in- 
fections with Group A Coxsackie virus and poliovirus than from 
either agent alone. Dalldorf (5) and Stanley (52) reported 
that certain Group B Coxsackie viruses rendered mice resistant 
to poliomyelitis infection while this was not the case when Group 
A strains were used. No evidence of interference between Group 
A Coxsackie viruses and poliovirus could be demonstrated by 
Melnick (36), Levaditi and Vaisman (33), or Howitt and 
Nichols (25), and in many cases no influence could be shown on 
the course of experimental disease in monkeys or chimpanzees 
(1, 25, 36, 38, 52) except for the previously mentioned additive 
effect shown by Dalldorf and Weigand (7). Sulkin et al. (56) 
also showed that in poliovirus-infected adult mice prior inocula- 
tion of certain serotypes of Group B Coxsackie virus could exert 
a sparing effect on the course and outcome of the infection. The 
protection afforded was described in terms of both reduced mor- 
tality and altered symptomatology. The latter indications were 
recorded as changes in the progressive paralysis of mixedly in- 
fected animals as compared with control groups infected with 
poliovirus alone. Furthermore, one serotype of Coxsackie virus 
(B-2) produced disease in adult mice on subsequent inoculation 
of poliovirus. Thus, concomitant with an observable interference 
effect, heterologous virus exaltation also occurred. These experi- 
ments, which included variation in Coxsackie virus serotype and 
routes of inoculation, prompted the suggestion that preemption 
of certain cells is required for a primary virus inoculum to affect 
the pathogenesis of a challenge agent. 

An understanding of the mechanisms involved in any of the 
phenomena resulting from mixed infections may be derived from 
the studies of the fates of each of the agents at the time of and 
following infection, and the specific changes induced in the in- 
fected cells. Implicit also for an understanding of these virus- 
host interactions is the necessity for accurate analysis of the 
quantitative aspects involved. Difficulties in making such deter- 
minations on infected cells in the intact animal include problems 
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of estimating the number of susceptible cells available and spe- 
cifically engaged in the infectious process, the amount of virus 
actually entering susceptible cells, and the yields derived in a 
sincle growth cycle. These virus yields may be carried away by 
body fluids, or may be acted upon by various specific and ron- 
specific viral inhibitors. Experiments with uniform populations 
of cells would obviate some of these difficulties. In fact. some of 
the quantitative parameters associated with mixed viral infection 
in tissue culture systems have already been defined by such pro- 
cedures (31, 35, 49). In the present studies an effort has been 
made to correlate the results of mixed infections with various 
serotypes of Coxsackie virus and the type 2 poliovirus in intact 
animals with those in cell cultures. 


Materials and Methods 


Wir?) 


Animals. Newborn and three- to four-week-old Swiss albino mice (C 
were used throughout these studies. Except where otherwise specified, all 
Coxsackie virus titrations were carried out in randomized newborn mice, and 
all poliovirus titrations in three- to four-week-old mice 

Viruses. Because of the differences among them (16, 53, 55), eight Cox- 
sackie virus strains, representing seven serologic types, were used in these 
experiments. Three Group A Coxsackie viruses (A-1, A-2, and A-3) were 
supplied by Dr. Gilbert Dalldorf, and an A-4 and two Group B strains 
(B-1 and B-3) were provided by Dr. Joseph L. Melnick. Another A-4 strain 
(Dallas M.B.) was isolated in 1949 in this laboratory. A B-4 strain was 
supplied by Dr. F. S. Cheever. All Coxsackie viruses have been maintained 
by passage in infant Swiss albino mice. The Lansing strain of poliovirus, 
which has been maintained by intracerebral passage in white Swiss mice, 
was provided by Dr. Albert Milzer, and the MEF 1 strain was obtained from 
Dr. A. Howard Fieldsteel. 

In preparing stock suspensions of the Lansing strain of poliovirus, several 
mice were infected by the intracerebral route and the cords and medullae 
from animals which succumbed to the infection within 5 days were harvested. 
A 20% suspension of the infected tissue was prepared in saline and stored in 
sealed glass ampoules at —20C. Each stock Coxsackie virus suspension con- 
sisted of 20% brain or carcass from infant mice which had become paralyzed 
following subcutaneous inoculation. All Coxsackie virus stock suspensions 
were treated with 2,000 units of penicillin and 10 mg of streptomycin per ml 
and supernatants following centrifugation at 2,000 rpm to 3,000 rpm for ten 
minutes were tested for bacterial contamination, dispensed in sterile glass 
ampoules, sealed and stored at —20C. Under these conditions the virus titer 
remained constant for several months. The method of Reed and Muench 
was used for calculating the LD,,, titer, and that of Karber for arriving at 
the 50% end-points (TCID,,,) in tissue culture (29, 46). 
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Relatively pure genetic stocks of Coxsackie virus and poliovirus to be used 
in tissue culture experiments were obtained by serial passage at limiting 
dilutions or through the selection of isolated plaques on agar overlayed mono- 
layers. The viruses were passed once in the cell line to be used before an 
experiment was initiated. 

All animals were inoculated while under light ether anaesthesia, and 
throughout the text i.c. refers te intracerebral; i.p. intraperitoneal; i.s. intra- 
spinal; im. intramuscular; and s.c. subcutaneous inoculations. When the 
intraspinal route of inoculation was used, the technique described by Habel 
and Li (17) was employed. Animals that died or were found dead within 24 
hours after inoculation were excluded from the analyses and were considered 
to be deaths from trauma. Unless otherwise indicated, all animals were ob- 
served twice and sometimes three times daily during the observation period for 
extent of paralysis and deaths from poliovirus or Coxsackie virus infection. 

Antisera. Type-specific antisera were prepared in rhesus monkeys by the 
methods of Salk et al. (50) and the technique of Miya et al. (42) was used 
for preparing mouse anti-viral ascitic fluid. In each case the virus stocks for 
use as antigens were prepared in monolayer cultures of monkey kidney cells, 
and these cells were used for this purpose only. One ml of the monkey anti- 
sera at 1:50 dilution for Coxsackie virus and poliovirus neutralized 3.3 and 
4.2 log,,, of each agent respectively; 1:10 dilution of the mouse ascitic fluid 
was found to neutralize 2.8 log,, of poliovirus and 2.4 log,, of Coxsackie 
virus. No cross-neutralization could be demonstrated with any of these anti- 
body preparations. 

Tissue cultures. Strains of the original line of HeLa cells and of the $3 
clonal line were obtained from Microbiological Associates, Inc., and were 
grown to monolayers in 8 oz. prescription bottles from a seed inoculum of 
300,000 cells per ml and in 15 & 125 mm screw capped tubes from 100,000 
cells per ml. Cells in single-state suspension were prepared in several types 
of vessels. All cells were grown in a medium consisting of 0.5% lactalbumin 
hydrolysate in Earle’s saline with 0.02 g% NaHC0O3, supplemented with 
30% horse serum, and containing 100 units of penicillin and 100 mg strep- 
tomycin per ml. An antibiotic mixture containing a final concentration of 
80 units of polymixin B sulfate, 0.2 mg of neomycin, and 40 units of bacitracin 
per ml was alternated with the penicillin and streptomycin mixture in all 
growth media. The horse serum concentration was reduced to 10% when 
used as a maintenance medium for virus growth or titration, and the bi- 
carbonate was adjusted to 2.2 g per L for these purposes. When plaque 
titrations were carried out the ingredients of the maintenance medium in 2X 
concentration were mixed with an equal volume of 2.8% agar (Difco) which 
was freshly prepared, autoclaved and kept liquid at 44C before use. All media 
were gassed with CO, to approximately neutrality before use. Throughout 
the text m.s. refers to maintenance medium; Ca-free m.s. refers to mainte- 
nance medium from which the CaCl, has been omitted; and g.m. to growth 


medium. 























Mized Viral Infections 
Results of In Vivo Experiments 


The effects of Group A Coxsackie viruses on poliovirus patho- 
genesis in adult mice-—Group A Coxsackie viruses have been re- 
ported not to interfere with poliomyelitic infections of adult mice 
or monkeys (1, 5, 25, 36, 38, 52). Instead there have been indi- 
cations that an enhancement of poliovirus-induced disease could 
be demonstrated in mixed infections with these agents (1, 7, 52). 
In an attempt to extend these earlier investigations to other types 
of Group A Coxsackie viruses five Group A Coxsackie viruses 
(A-1, A-2, A-3, and two A-4) were inoculated in separate experi- 
ments into different groups of four-week-old mice in massive 
multiple doses followed by injections of the type 2 (Lansing 
strain) poliovirus. Although the Coxsackie virus was adminis- 
tered by i.c. and i.p. routes, and at varying time intervals before 
the i.c. poliovirus injection, no interference with the course or 
outcome of the poliovirus disease was observed. In one experi- 
ment with an A-4 Coxsackie virus strain, however, an enhance- 
ment of poliovirus-induced mortality was suggested by a de- 
creased incubation period. These results are in general accord 
with the work previously mentioned. 

The effect of poliovirus on Coxsackie virus pathogenesis in 
infant mice.—Since immature mice are ordinarily susceptible to 
i.p. inoculation of Coxsackie virus, but not to poliovirus, experi- 
ments were designed to determine whether this general lack of 
effect of the Group A Coxsackie viruses on poliovirus-induced 
disease could be demonstrated as a reciprocal characteristic com- 
mon to both agents. Accordingly, each of one group of three-day- 
old mice received an i.p. injection of 1,000 LD,» of the Coxsackie 
virus (A-4) and served as controls. A second group of infant mice 
each received two i.p. injections (100 LD, each) of the type 2 
poliovirus 20 and 18 hours prior to a challenge inoculation of 
1,000 LD,,, of Coxsackie virus, and one i.p. injection of poliovirus 
(100 LD,,.) 4 hours after challenge. Each of a third group of mice 

received two i.p. injections of poliovirus (100 LD; each) 20 
and 18 hours prior to challenge with 1,000 LD,, of Coxsackie 
virus, but no further injection of poliovirus. The final group of 
mice each received three i.p. injections of poliovirus (100 LD5» 
each) at 0, 2 and 22 hours. Animals were observed twice daily 
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during the 10 days following the Coxsackie virus injections. These 
results are summarized in Table 1. A sparing effect by the polio- 
virus on both the course and outcome of infection with Coxsackie 
virus may be seen. By the fourth day approximately 14 of the 
animals inoculated with poliovirus in addition to Coxsackie virus 
had succumbed as compared with 78% deaths of animals inocu- 
lated with Coxsackie virus alone. However, at the termination of 
the experiment, although all of the control animals had died, ap- 
proximately 15 and 28% of the second and third groups, respec- 
tively, were still alive. None of the mice receiving massive doses 
of poliovirus alone showed evidence of infection. As a further 
control, groups of infant mice were injected with 0.05 ml of a 
1% suspension of normal adult mouse brain 20 and 18 hours prior 
to a challenge inoculation of 1,000 LD;, of Coxsackie virus and 
a single injection 4 hours after challenge. Since no significant 
difference in onset of symptoms or death was observed during the 
10 day observation period, it is hardly likely that the sparing 
effect noted was due to an inflammatory process resulting from 
the injected brain tissue as had been suggested in other interfer- 
ing systems (6, 57). 


TABLE 1 


Interference between poliovirus (type 2) and Coxsackie virus (A-4) 
in 3-day-old suckling white Swiss mice 











sroup II Group II 

Group I Type 2 2 Type 2 Group IV 

Coxsackie poliovirus} and poliovirust and Type 2 

Treatment virus* Coxsackie virus* Coxsackie virus* poliovirus$ 
Number of mice 24 26 29 17 
3 20.9 0 3.5 0 
+ 77.8 34.6 37.9 0 
Cumulative per 5 88.9 65.4 §5.2 0 
cent deaths from 6 100.0 80.8 68.9 0 
Coxsackie virus 7 100.0 80.8 72.4 0 
infection (days 8 100.0 80.8 72.4 0 
after injection of 9 100.0 84.7 72.4 0 
Coxsackie virus) 10 100.0 84.7 72.4 0 

Survivors, per cent 0 15.3 27.6 100.0 





* 1,000 LD,, doses injected intraperitoneally 
- Two intraperitoneal injections (0.1% 10-2 ml. each) 20 and 18 hours prior to challenge 
inoc ulation of Coxsackie virus and one injection 4 hours later. 
t Two intraperitoneal injections (0.1 10-? ml. each) 20 and 18 hours prior to challenge 
ino ulation of Coxsackie virus 
§ Three intraperitoneal injections (0.1 X 10°? ml. each) at intervals of 0, 2 and 22 hours. 
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To establish whether or not the poliovirus was exerting its ef- 
fect on Coxsackie virus proliferation, an experiment was carried 
out to determine the effects of poliovirus injection on the titer of 
the Coxsackie virus during the course of the experimental mixed 
infection. LD;. Coxsackie virus titrations were made in each of 
three groups of three-day-old mice. Each of one group received 
two i.p. injections (100 LD,, each) of type 2 poliovirus 24 and 18 
hours prior to the inoculation of Coxsackie virus. The second 
group of mice each received Coxsackie virus alone, and each 
animal in the third group received normal adult mouse brain 
(0.05 ml of a 1% suspension) instead of the poliovirus prior to 
Coxsackie virus inoculation. The Coxsackie virus was inoculated 
i.p. into ten to twenty mice of each group at dilutions ranging 
from 10-* to 10-*. Calculations of LD,, titers were made beginning 
the third day after Coxsackie virus inoculation and at 12 hour 
intervals thereafter, for 15 days. As in previous experiments the 
sparing effect of the poliovirus on the early Coxsackie virus- 
induced mortality was notable. By the fourth day there was al- 
most 2 log,» decrease in the LD,, titer in mice receiving both 
viruses as compared with those receiving Coxsackie virus alone. 
This difference became less conspicuous as the experiment pro- 
gressed, and when calculations were made 15 days after the ex- 
periment was initiated the LD,, titers of all groups were essen- 
tially the same. 

The effect of Group B Coxsackie viruses on poliovirus patho- 
genesis in adult mice.—Although the Group A Coxsackie viruses 
employed produce generalized myopathy in suckling mice with 
little, if any, evidence of damage to the central nervous system, 
the reason for utilizing these agents in the experiments just de- 
scribed stemmed from the work of Vilches and Hirst (58) who 
had shown that interference might occur among viruses with 
different tissue tropisms. More profound effects, however, have 
been observed when the interfering and the challenge viruses 
have similar sites of predilection (19, 51). Therefore, it seemed 
likely that an extension of the work with the Group B Coxsackie 
viruses, which produce lesions of the central nervous system in 

addition to focal myopathy, might show greater influence on the 
course of experimental infection of adult mice with type 2 polio- 
virus. Since timing and dosage play important roles in the out- 
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come of mixed infections, an effort was made to give the proposed 
interfering virus an advantage over the challenge agent. 

In the first series of experiments separate groups of three- to 
four-week-old mice were inoculated i.c. with massive doses of 
Coxsackie viruses (B-1 and B-4) and were challenged five days 
later with an i.c. injection of poliovirus. The results of earlier 
studies in this laboratory (7) with Coxsackie viruses (B-2 and 
B-3) showed marked alteration in the progress of poliomyelitis in 
mice, but no such effect was observed with these serotypes of 
Group B Coxsackie virus. Even when the experiment was re- 
peated with 10 LD,, of poliovirus instead of the 150 LD,» orig- 
inally employed the results were essentially unchanged. The sus- 
ceptibility of three- to four-week-old mice to poliovirus infection 
was also unaffected by previous inoculation with Coxsackie 
virus (B-1) one hour, one day, or 18 days prior to challenge. 

These results are in agreement with those of Melnick (36) who 
also was unable to demonstrate interference between a Coxsackie 
virus (B-1) and the Lansing strain of poliovirus. Dalldorf (5), on 
the other hand, reported that five to eight-day-old mice inoculated 
i.p. or s.c. with the same serologic type of Coxsackie virus were 
rendered resistant to type 2 poliovirus given i.c. 4 to 10 days 
later. These experiences could not be reproduced in this labora- 
tory primarily because some of the five- to six-day-old mice 
showed evidence of Coxsackie virus infection and were moribund 
by the time they were to be challenged with poliovirus after an 
interval of 8 to 10 days. Furthermore, it is known that the sus- 
ceptibility of mice to these viruses varies with the age of the 
animal; immature mice are less susceptible than adults to polio- 
virus while the reverse is true in the case of the Coxsackie viruses 
(4, 16, 36, 53, 55). That the sparing effect observed by Dalldorf 
(5) might have been due in part at least to the increased resist- 
ance of young mice to poliovirus infection is a conclusion sup- 
ported by the work of Domok (11, 12, 13) who was able to alter 
the susceptibility of poliovirus-infected mice with prior inocula- 
tion of Coxsackie virus (B-1) by employing young adult animals. 

Since it had been previously shown (56) that Coxsackie viruses 
(B-2 and B-3) could limit the progress of poliomyelitis in adult 
mice, and this effect could be seen with both i.c. and i.s. injec- 
tions of Coxsackie virus (B-3) on subsequent poliovirus infection 
by the i.c. route, experiments were designed to determine the 
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effects of other routes, as well, on poliovirus pathogenesis. In the 
first series of studies each of one group of three-week-old mice 
was inoculated i.c. with 1,000,000 LD,,, of Coxsackie virus (B-3) 
six days prior to injection i.c. with 150 LD,,, of type 2 poliovirus. 
A second group of mice each received i.c. 0.05 ml of a 1% sus- 
pension of normal infant mouse carcass tissue in lieu of the Cox- 
sackie virus, and was also injected with 150 LD,,, of poliovirus 
six days later. From these experiments it was found that the 
course and character of the mixed infection differed markedly 
from that in which poliovirus was used alone. The survival rates, 
however, and differences in forelimb to hindlimb ratios did not 
vary to the same extent as had been observed in the earlier re- 
port (56). 

In the second series of studies an effort was made to determine 
whether prior i.p. inoculation of Coxsackie virus would exert a 
similar sparing effect on poliovirus pathogenesis, and, in turn, 
whether the subsequent i.c. poliovirus inoculum would affect 
the activity of the Coxsackie virus. Accordingly, one group of 
three-week-old mice each was injected i.p. with 500,000,000 
LD,,, of Coxsackie virus (B-3) seven days prior to an i.c. injec- 
tion of 150 LD,,, of type 2 poliovirus. Another group of mice each 
received 0.05 ml of a 1% suspension of normal infant mouse 
carcass tissue instead of the Coxsackie virus and these animals 
were also inoculated seven days later with 150 LD,,, of poliovirus. 
Brain-cord suspensions from animals which had died without 
previous evidence of paralysis and which had received both 
viruses were tested for Coxsackie virus by i.p. inoculation of 
newborn mice, and for poliovirus by i.c. inoculation of three- 
week-old mice. Deaths were considered to be due to Coxsackie 
virus in animals without evidence of paralysis if a 10 suspension 
of brain-cord was infective for suckling mice following i.p. in- 
oculation and failed to produce infection in adult mice following 
ic. inoculation of a 10% suspension. In addition, in most in- 
stances it was possible to distinguish between the two illnesses; 
the symptoms of infection due to Group B Coxsackie viruses con- 
sisted of roughened coat, hunching, tremors, and spasticity, while 
in the case of the poliovirus infection, aside from the flaccid 
paralysis in one or more limbs, the animals have smooth coats 
and appear otherwise healthy. The results of this experiment, 
summarized in Table 2, indicate that a sparing effect on polio- 
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TABLE 2 


Effects in mice of intraperitoneal inoculation of Coxsackie virus (B-3) on 
subsequent intracerebral inoculation of poliovirus 














Number of mice 70 63 


; ; Normal infant mouse carcass 
Procedure Coxsackie virus and poliovirus€ Tissue and poliovirus§ 


Deaths without 





































Poliomyelitis deaths* paralysis* Poliomyelitis deaths 
Follow iow Polio- ( Cox- in age to Following Without 
Results Number paralysis myelitis sackie Number paralysis paralysis 
3 9(12.8) 3 6+ 12(19.0) 6 6 
Animals in- 4 7(22.8) 6t 1 2 14(42.3) 13 1 
fected and 5 5(30.0) } 1 g 6(50.8) 6 
dying from 6 2(32.8) 2t 2(53.9) 2 
poliomyelitis 7 1(34.3) i+ 1 2(57.1) 2 
or Coxsackie 8 2(37.1) os 1 1 (58.7) 1 
virus infection 9 2(40.0) 2 1 0(58.7) 
(days after 10 1(41.4) i+ 1 (60.3) 1 
injection 11-13 3(45.7) 2 1 9(74.6) 7 2 
of Polio- 14-16 2(48.5) 0 2 4(80.9) + 
virus) 17-24 0(48.5) 0 2(84.1) 1 1 
25-30 1(50.0) i+ 1 (85.7) 1 
Survivors 50.0%, 14.3% (p=.001) 





* Brain-cord suspension tested for Coxsackie virus in suckling mice (s.c.) and poliovirus in 
3-week-old mice (i.c.). 

+ Not tested for either virus. 

t Both viruses demonstrated in brain-cord suspension from one of these mice. 

§ One i.p. injection of normal infant mouse carcass tissue instead of Coxsackie virus. 

€ One i.p. injection of Coxsackie virus (500,000 LD,,) 7 days prior to i.c. injection of 150 


LD,, of poliovirus. 


virus infection was exerted by the primary i.p. Coxsackie virus 
inoculation. Furthermore, in animals receiving both viruses the 
Coxsackie virus migrated to and multiplied in the central ner- 
vous system to sufficient levels to kill the animals. 

It seems clear from the results of these in vivo experiments that 
alteration in route of inoculation and viral serotype in mixed 
infection with Coxsackie virus and poliovirus may give markedly 
varying effects on the course and outcome of the experimental 
infection. The fact that Coxsackie virus when injected into the 
same or higher levels of the central nervous system than the 
poliovirus produced lesser effects on subsequent poliovirus patho- 
genesis than when injected into lower regions, tends to substanti- 
ate the earlier conclusion (56) that pre-emption of certain sites by 
one virus is requisite for alteration of the activities of the other. 
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That these effects may be reciprocal is indicated by enhance- 
ment of Coxsackie virus activity in the same animals in which 
poliovirus disease had been suppressed. Domok (13) suggested 
that the significance of such studies lies in the possibility that the 
results might be of practical value in relation to human pathol- 
ogy. It is hoped that pathology in its broadest sense is implied 
because of the obvious implications that such investigations have 
in epidemiology, immunology, taxonomy, and ecology to name 
a few of the disciplines which may also derive either practical or 
theoretical information from similar data. The adaptation of cell 
culture technique to the examination of mixed viral infection 
together with the recent discoveries of extraviral substances (26, 
27) which participate in certain interference effects seems to 
have evoked a general renewal of effort towards the elucidation 
of underlying mechanisms responsible for these reactions. It 
therefore seemed desirable to re-examine the effects of mixed 
infections with Coxsackie virus and poliovirus with more criti- 
cally analytical methods provided by cell culture systems. 


Results of In Vitro Experiments 


The effects of Coxsackie virus (B-3) on the cytopathogenesis 
of type 2 poliovirus in HeLa cell monolayers. Since it is clear 
from the in vivo studies described above that a sparing effect 
could be demonstrated by the blocking action of Coxsackie virus 
(B-3) on the early mortality and progress of paralysis in mice 
subsequently infected with a type 2 (Lansing) poliovirus, an at- 
tempt was made to determine if a delay or diminution of cyto- 
pathogenesis by the MEF 1 (type 2) strain of poliovirus could 
be demonstrated in HeLa cell monolayers previously inoculated 
with a Coxsackie virus (B-3). Accordingly, tube monolayers of 
HeLa cells which had grown to complete sheets in 2 days from 
an original seed of 100.000 cells per ml were inoculated with dilu 
tions of Coxsackie virus ranging from 10 through 10-*. After 
incubation for 24 hours at 37° C groups of five tubes each were 
emptied of fluid and challenged with varying dilutions (10-°, 
10“ and 10-°) of poliovirus in m.s., in a 10" dilution of Coxsackie 
virus immune serum, or were replenished with m.s. alone. Paral 
lel sets of five tubes each were also emptied of g.m. on day 0, 
replenished with m.s. and treated 24 hours later as though they 
had received a primary virus inoculum. All tubes were observed 
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at the same time daily for degenerative changes over a period of 
seven days after primary inoculation. HeLa cells in this system 
showed little, if any, increased resistance to poliovirus cytopatho- 
genesis as the result of prior exposure to Coxsackie virus. The 
only indication of a delay in the development of cytopathic 
changes was observed in those tubes which had received the 
highest dilutions of both agents; in this case, a 10-* dilution of 
Coxsackie virus which itself caused no degeneration seemed to 
extend the survival of monolayers also inoculated with a 10° 
dilution of poliovirus, an average of 0.6 days beyond the survival 
of cells with the same dose of poliovirus alone. 

Effects of u.v. inactivated Coxsackie virus and poliovirus on 
heterologous virus cytopathogenesis in HeLa cell monolayers. 
An obvious difficulty in the interpretation of the results of ex- 
perimental mixed viral infections is that a diminution of activity 
of the challenge agent may be obscured by the degenerative ac- 
tivities of the primary viral inoculum. Since immune serum 
shows no apparent inhibition of the Coxsackie virus once the 
agent is established in the culture, it seemed desirable to use an- 
other procedure likely to limit degenerative changes resulting 
from the primary inoculum while retaining whatever reactivity 
it might have with the challenge virus. Ultraviolet irradiation 
serves this purpose. 

Using doses of u.v. irradiation sufficient to completely neu- 
tralize infectivity (poliovirus: 18 minutes, Coxsackie virus: 23 
minutes) experiments were carried out to determine if u.v. in- 
activated virus could affect the cytopathogenesis of heterologous 
active virus. Varying dilutions of inactivated viruses were in- 
oculated into groups of five monolayer tubes of HeLa cells each 
and incubated at 37° C for the time intervals indicated in Table 
3. The tubes were then emptied of fluid and challenged with dilu- 
tions of active heterologous virus and reincubated at 37 C for an 
additional 24 hours. The tubes were again emptied, replenished 
with m.s. and reincubated. Observations were made daily for 
seven days and the results summarized in Table 3 are recorded 
as the average day of marked degeneration for five tubes. Those 
infected cultures showing no degenerative changes were arbi- 
trarily given a figure of “seven” days for inclusion in the aver- 
ages. Therefore, any effect by inactivated virus on the cytopatho- 
genesis of the active agent may be discerned as either a higher or 
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TABLE 3 


Effects of ultraviolet inactivated virus on active heterologous cytopathogenesis 
in HeLa cell monolayer cultures 





20 hours between u.v. poliovirus 19 hours between u.v. Coxsackie 
and active Coxsackie virus virus and active poliovirus 
Dilutions of inactivated Dilutions of inactivated 
Coxsackie poliovirus Poliovirus Coxsackie virus 
dilutions 10-1 10-2 10-3 10-4 m.s.¢+ dilutions 10-2 10-2 10-3 10-* ms 





105 26° 32 28 30 28 10*¢ 22 24 26 22 24 
10° 42 44 46 44 44 105 34 34 40 40 38 
1-7 62 62 60 66 62 10° 48 48 54 56 68 
mw 70 1 1 72 T8 107 48 52 70 70 70 
ms? 70 7.0 70 70 7.0 ma .78 %92 TR mm]. Th 





43 hours between u.v. poliovirus 41 hours between u.v. Coxsackie 
and active Coxsackie virus virus and active poliovirus 
0° 28 26 24 26 26 10* 36 20 24 22 24 
10° 42 46 46 42 4.6 10-5 3.0 3.8 38 42 4.0 
107 66 68 66 64 6.4 10° 46 46 54 54 6.46 
100° 70 70 70 70 7.0 107 48 54 70 70 7.0 
me 702 18 TO 0 T0 ms. 48 70 7.0 70 7.0 
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lower average day of degeneration than the control tubes which 
had received either one or the other virus; this average, however, 
could never exceed seven days. As a further control, tubes re- 
ceiving only inactivated virus were included to cover the pos- 
sibility of either incomplete inactivation of the primary inoculum 
or the occurrence of a homologous multiplicity reactivation. 

The inactivated poliovirus caused no change in the average 
time of appearance of marked degeneration due to active Cox- 
sackie virus. In those tubes which had primary inocula of in- 
active Coxsackie virus followed by high dilutions of active polio- 
virus there was a notable decrease in average time required for 
marked degeneration to occur. In some instances there was as 
much as a 2 day variation between the degeneration of mono- 
layers exposed to both inactive Coxsackie virus and active polio- 
virus and those exposed only to active poliovirus. 

While these studies were in progress a viral inhibitory sub- 
stance, “interferon,” produced by susceptible chick chorioallan- 
toic cells in response to exposure to inactivated influenza virus, 
was reported to mediate interference among certain of the 
myxoviruses as well as between influenza virus and a variety 
of heterologous agents (26, 27, 28). An effort was made to de- 
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termine if a similar extraviral substance could imitate the effects 
of Coxsackie virus on poliovirus cytopathogenesis. Monolayers of 
HeLa cells were grown in 8 oz. prescription bottles and inocu- 
lated with 10-' and 10~ dilutions of Coxsackie virus irradiated 
for 23 minutes. Similar monolayers were exposed to m.s. which 
had been given the same dose of u.v. All bottles were then in- 
cubated at 37 C for 24, 48 and 72 hours, after which time the 
fluids were harvested, clarified by centrifugation at 1500 rpm for 
10 minutes and frozen and stored at —20 C until used. The 
fluids from monolayers exposed to irradiated m.s. were referred 
to as “control” fluid, while those exposed to irradiated Coxsackie 
virus are designated “test” fluid. Groups of monolayer tube cul- 
tures of HeLa cells were exposed to “‘test” or “control” fluids and 
five tubes of each group were inoculated with each of a series of 
dilutions of active poliovirus ranging from 10~ to 10-* immedi- 
ately, after 24 hours, and after 48 hours of incubation at 37 C. 
Twenty-four hours after each of the “test” and “control” fluid 
tubes had been in contact with virus they were emptied, replen- 
ished with m.s. and reincubated. Under these conditions there 
was no apparent difference between the average degeneration 
time of poliovirus infected monolayers pretreated with either 
“test” or “control” fluids, indicating that the Coxsackie virus 
particle itself acts directly to produce its effects on poliovirus 
cytopathology. 

Studies of mixed viral infections of suspended cell cultures. 
Lack of sufficient sensitivity for the differentiation of interactions 
and for the determination of the effects on each of the host cells 
are important problems in analyses of the basic mechanisms 
operative in mixed viral infections. It therefore seemed conceiv- 
able that quantitative studies on the fate of each of the viruses 
alone, and in mixed infection, as well as on the survival of the 
host cells in susceptible populations might aid in the clarification 
of the seemingly enigmatic earlier results. Discussions of virus 
quantitation in monolayer cell culture systems suggest limita- 
tions in accuracy by mechanical trapping and readsorption of 
released virus, or by contiguous spread of intracellular virus (3. 
15, 22, 23, 24). Furthermore determinations of host cell survival 
in virus-infected monolayers are handicapped by the require- 
ment for a dispersing agent and mechanical manipulation which 
may also affect cell viability. To obviate these restrictions it 
seemed desirable to use suspended cell cultures. 
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Girardi, et al. (15) had shown that trypsinized HeLa cells, de- 
rived from monolayer cultures, could be kept viable for 24 hours 
in a single state suspension by means of a magnetic stirrer with- 
out significant loss in concentration as long as the glassware was 
coated with silicone to prevent adherence of cells to the vessel 
walls. These workers were able with this method to demonstrate 
cycles of multiplication of poliovirus and influenza virus similar 
to those of phage-bacterium systems, while also keeping account 
of the effects of the various phases of the growth cycles on the 
viability of host cells. In this manner the kinetics of virus repli- 
cation were correlated with signs of cell death. It seemed likely 
that these techniques could provide a convenient device for study- 
ing the site or sites in the growth cycles of Coxsackie virus and 
poliovirus most sensitive to heterologous virus activity, while 
comparing the effects of single and mixed infection on the sur- 
vival of host cells. 

Monolayer bottle cultures of HeLa cells were dispersed with 
0.25% trypsin in Ca-free m.s. with gentle pipetting. Cells were 
then centrifuged at 1500 rpm for 2 minutes, washed three times 
in Ca-free m.s. and suspended at a concentration of 150,000 cells 
per ml in complete m.s. containing the desired viral inocula. 
Such suspensions were then dispensed in 30 ml volumes into 
silicone-coated 25 x 150 mm screwcapped tubes containing a sili- 
coned magnetic bar. Virus was allowed to adsorb to cells at 37 C 
for a two hour period with ten second stirring intervals every 
thirty minutes. Cells were then centrifuged, washed three times, 
resuspended in Ca-free m.s. and reincubated at 37 C. Samples 
were withdrawn periodically for virus determinations in cell and 
fluid phase fractions separated by centrifugation at 1500 rpm for 
5 minutes, and for establishing the status of the host cell popula- 
tion. Virus titrations in mixed infections were carried out by 
incubating samples of mixed yields with each of the specific 
antisera at 37 C for 1 hour so that only the degenerative activity 
of the agent for which the antiserum was not specific could be 
measured. These titrations were made as end-point dilutions in 
tubes of HeLa cells after one cycle of freezing and thawing. All 
virus samples were kept frozen at —20 C until titrated. The 
viability of the cells was determined by mixing equal portions of 

cell suspension with 0.5% aqueous trypan blue and immediately 
counting in a hemocytometer. These cells which were imper- 
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meable to stain were considered viable. Figure 1 shows the results 
of infection in a suspension of cells at a concentration of 10°? 
per ml with a final poliovirus concentration of 10°:° TCID50 per 
ml; curves were plotted as per cents of input of cells and virus 
against time after virus inoculation. 

The delay in death of poliovirus-infected HeLa cells could be 
anticipated on the basis of the time required for adsorption, pene- 
tration and reorganization of cell synthetic mechanisms for the 
replication and maturation of virus. This has been noted by 
others (14, 34, 52) who have recorded cytologic degenerative 
changes associated with poliovirus proliferation activities. Essen- 
tially all of the virus was adsorbed by cells within 414 hours 
since less than 1% could be detected in the suspending medium. 
The infected cells showed no marked degenerative changes until 
61% hours after addition of virus. At this time the first indications 
of cell death occurred and the cell-associated virus fraction 
reached a maximum. There was then a sharp increase in the 
number of cells with increased permeability accompanied by a 
drop in virus concentration detectable in the cell fraction. The 
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first increase of free virus did not occur until the cell-associated 
virus had dropped to 20% of its maxiumu. The subsequent rise 
of free virus to a maximum at 1014 hours after infection, simul- 
taneous with a precipitous loss of both cell viability and cell in- 
tegrity, is suggestive of a lytic-like process responsible for the 
liberation of polivirus from infected cells. The decline in cell- 
associated virus is probably due to the reduction of available cells 
since the same volume of suspension was used in all titrations. 
The subsequent loss of free virus, however, may be attributed to 
both thermal inactivation and/or adsorption to the remaining 
intact cells which were probably not able to replicate maximum 
viral yields due to loss of viability. Similar uninoculated cell 
suspensions showed no noticeable cytopathic effects during 48 
hours of incubation. These cyclic patterns of poliovirus multipli- 
cation are in accord with results of others (14, 15, 22, 23, 34, 47). 

The results observed in a suspended cell culture infected with 
a final concentration of 10°-° TCID50 per ml of Coxsackie virus, 
and presented in Figure 2, show a similar pattern to that observed 
for poliovirus-infected cell populations although certain differ- 
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ences are apparent. Coxsackie virus induced a more precipitous 
early loss of cell viability; only 20% of the cells remained viable 
81% hours after inoculation at a time when 60% of the poliovirus 
infected cells were still alive. Insignificant amounts of both 
viruses remained unadsorbed 414 hours after infection. The 
maximum free Coxsackie virus titer occurred at 614 hours after 
infection and was accompanied by a rise in cell-associated virus 
to 50% of the inoculum. The primary decrease in cell-associated 
Coxsackie virus may also be attributed to the disintegration of 
cells since the same volume of cell suspension was used for all 
titrations. Although these data would suggest that a secondary, 
asynchronous cycle of multiplication might account for the de- 
crease and subsequent increase of virus in this fraction, later ex- 
periments in which small enough cell numbers were used to pre- 
clude a secondary cycle indicated that this decrease followed a 
gradual and continuous rise to cell-associated virus maximum at 
81% hours after infection. The fact that the free Coxsackie virus 
titer was maintained at its maximum during this period would 
support the assumption that Coxsackie virus is released from cells 
at approximately the time of its maturation. Although poliovirus 
release was preceded by increased cell permeability followed by 
marked disintegration, these cytopathic events did not occur in 
Coxsackie virus-infected cells until after the release of virus into 
the medium. Differences between the results of infection of cells 
by these agents have also been demonstrated by other methods. 
Electron micrographs of Coxsackie virus-infected cells have 
shown only intracytoplasmic crystalline arrays, but no intra- 
nuclear involvement (43). Similar photographs for poliovirus as 
well as cytochemical studies indicate that both cell nucleus and 
cytoplasm are affected by this agent (47, 48). The latter proper- 
ties have been further corroborated by fluorescent antibody 
studies (3, 18). On the basis of these various techniques it may 
be inferred that both overlapping and distinct intracellular sites 
for the replication of each of these agents probably exist. In ad- 
dition, the increased rate of Coxsackie virus-infected cell death 
in which a majority of the cells remain intact, is in sharp contrast 
to the more complete degeneration resulting from poliovirus in- 
fection. 

The effects on suspended cells of a mixed infection with 10°° 
TCID50 per ml of Coxsackie virus and 10°-° TCID50 per ml of 





Mixed Viral Infections 603 


poliovirus are described in Figure 3. It is apparent that there was 
a lag in cell killing with a small proportion of the cells retaining 
viability up to 24 hours after inoculation, followed by a signifi- 
cant reduction of intact cells. Those cells with increasing per- 
meability followed a curve intermediate between that found for 
cells infected with either virus alone. Virtually all of the Cox- 
sackie virus was adsorbed by 414 hours after inoculation, but 
30% of the poliovirus inoculum remained free as unadsorbed 
virus or virus which had been eluted from cells (Figure 4). The 
fact that the poliovirus could not be washed free of singly infected 
suspended cells at this same time after infection would suggest 
that in mixed infection there is only a reversible adsorption to 
the majority of susceptible cells. These data are in accord with 
reports on mode of attachment of poliovirus to cells (2, 8, 21). 
Furthermore, that Coxsackie virus is responsible for this blocking 
effect is indicated by the later uptake of poliovirus by presum- 
ably uninfected susceptible cells when a marked loss occurred in 
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both cell-associated and free Coxsackie virus fractions. The in- 
crease in free Coxsackie virus, in mixed infection, accompanied 
by a rise in the cell-associated virus titer (similar but not identi- 
cal with that found in singly infected cells) would suggest a 
mutual exclusion by the poliovirus. Free poliovirus was usually 
reduced to 10% of the amount contained in the inoculum by 
81% hours after initiation of infection. This decline correlated di- 
rectly with a rise in cell-associated virus indicating that cells still 
susceptible to poliovirus had been altered by contact with Cox- 
sackie virus at some early stage of the poliovirus growth cycle. 
It is also conceivable that only small numbers of cells are ini- 
tially infected with poliovirus resulting in the relatively low virus 
yield which may be further reduced by a Coxsackie virus- 
induced inhibition at the maturation and/or release phase of 
poliovirus growth. Such an inhibition could account for the delay 
in appearance of cell-associated poliovirus which theoretically 
ought to have been and was accompanied by a decrease in Cox- 
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sackie virus titer. This may also explain the high ratio of cell- 
associated to free poliovirus late in the course of the experimental 
mixed infection. A second peak of free Coxsackie virus produc- 
tion occurred concomitantly with a liberation of poliovirus. Since 
there was no simultaneous rise in the cell-associated Coxsackie 
virus fraction it may be assumed that the degenerative process 
precedent to the liberation of poliovirus caused this abnormal 
release of Coxsackie virus. When most of the remaining intact 
cells were no longer viable only low levels of cell-associated and 
free Coxsackie virus and free poliovirus could be detected, while 
30% of the maximum poliovirus titer could be demonstrated in 
association with such cells. This evidence would thus lend sub- 
stance to the assumption that Coxsackie virus may inhibit polio- 
virus release and that viable cells are required for maximum 
replication of both viruses. 

Experiments identical to these with suspension of the S3 clonal 
line of HeLa cells were carried out to determine the reproduci- 
bility of these results. Except for the fact that virus titrations were 
carried out in bottle monolayers by a plaque technique similar 
to that described by Darnell and Sawyer (9), the conditions and 
methods employed corresponded to those with the original HeLa 
cell line in suspension. Antisera for neutralization of each agent 
in mixed yields were obtained from the ascitic fluid of mice in- 
jected i.p. with Ehrlich ascites carcinoma cells at the time of the 
last of a series of i.m. virus inoculations as previously described 
by Miya, et al. (42). The data from these experiments confirmed 
the results of the previous studies. Poliovirus titers, however, 
were lower under the same conditions of production employed 
with the original HeLa cell line and the cells showed longer sur- 
vival after inoculation. These findings are in agreement with the 
more recent reports of Darnell and Sawyer (10) who suggested 
that a reduced efficiency in removal of poliovirus protein from 
RNA by the S3 cell line in the early stages of infection accounted 
for their greater resistance to this agent. Mixed infection of this 
cell line disclosed no greater percent inhibition of the poliovirus 
by Coxsackie virus than that observed in suspensions of the origi- 
nal HeLa cell cultures. These data would therefore support the 
hypothesis that inhibition occurs at the adsorptive stage of polio- 
virus infection since adsorption rates of poliovirus were found to 
be identical in both cell lines (10). The fact that Coxsackie virus 
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was replicated at the same rate and with corresponding virus 
titers in both cell lines indicates a specificity of cellular resistance 
which remains to be investigated. 


Discussion 


Reciprocal effects observed in mixed infections with Coxsackie 
virus and poliovirus in a variety of host systems have been de- 
scribed in terms of protection against or enhancement of cyto- 
pathogenesis, symptomatology and mortality, as well as on the 
basis of the proliferation of one or the other, or both viruses. 
Quantitation of viral activity has revealed exclusion, enhance- 
ment, and dual infection. In attempts to define basic mechanisms 
involved it appears that in order for the Coxsackie virus to inter- 
fere with poliovirus infection in mice it must be present in the 
same tissue, either through route of inoculation or by its specific 
ability to progress through the animal to mutual sites of predilec- 
tion. The fact that ordinarily insusceptible adult mice seem to 
support the growth of certain Coxsackie viruses only on subse- 
quent injection of poliovirus, together with the evidence that Cox- 
sackie virus must reach certain levels in the central nervous 
system to affect a “blocking” of the poliomyelitic infection, sub- 
stantiates the conclusions of Sulkin, et al. (56) that these inter- 
actions depend upon the pre-emption of susceptible cells. The 
lack of this “blocking” effect by Group A Coxsackie viruses 
might be attributed to the inability of the serotypes used to 
multiply in central nervous system tissue with or without an 
enhancing stimulus by subsequent poliovirus inoculation. Unfor- 
tunately, however, the variations in effects found by alteration 
of serotype, dosage, route of inoculation, and relative susceptibil- 
ity of the animals by age selection give little information con- 
cerning the fundamental mechanisms involved in these complex 
interactions. 

A comparison of the growth cycles of these agents in suspended 
cells suggests notable differences in both proliferative and cell 
degenerative activities which may account for some of the ob- 
served interactions in mixedly infected experimental animals 
and in cell monolayer cultures. Major differences seem to be re- 
lated to the liberation of Coxsackie virus at the same time as it 
matures in infected cells in contrast to the delay that exists be- 
tween the time of appearance of mature cell-associated poliovirus 
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and its release. A similar delayed release of poliovirus was ob- 
served by Howes (22) who suggested on the basis of experiments 
with isolated, infected single cells, that this apparent lag was due 
to a variation in time of appearance of first mature virus. Fur- 
thermore, poliovirus-infected cells showed increasing permeabil- 
ity and then lysis prior to the liberation of free virus while 
Coxsackie virus-infected cells released virus at approximately the 
same time as the occurrence of increased cell permeability and 
disintegration. In fact, the survival of mixedly infected sus- 
pended cells proved to be an extremely sensitive indicator of the 
protective effect observed in animals and in monolayer cultures 
of the same cells. 

That little dual infection of individual suspended cells occurs 
is suggested by the delay in poliovirus uptake in mixedly in- 
fected populations, as well as by the over-all inhibition of polio- 
virus proliferation. The limited dual infection which results in 
abnormal release of Coxsackie virus simultaneously with polio- 
virus would imply that increased cell permeability may play a 
role in the mechanisms by which poliovirus enhances the pro- 
liferative activity of Coxsackie virus in mice. This may also be 
related to the additive effect noted with certain Coxsackie viruses 
and poliovirus in monkeys (7). The fact that no extraviral sub- 
stance was found to mediate these viral interactions indicates 
that the Coxsackie virus particle itself is responsible for the ob- 
served effects. 

Although adsorption rates of both agents are comparable in the 
original and the $3 HeLa cell lines both produced more infectious 
units of Coxsackie virus than poliovirus. This finding appears to 
be in keeping with the observed differences in the post-adsorptive 
phases of the growth cycles of each of these agents as related to 
their individual effects on cells and modes of free virus produc- 
tion. Furthermore, although the results of mixed infections of 
monolayers were not as marked as those of suspended cell cul- 
tures, several distinct functions of Coxsackie virus particles could 
be identified and related to previously described viral interac- 
tions. The diverse activities demonstrated by standard and in- 
activated Coxsackie virus remain, however, to be fully character- 
ized. It seems clear that the mechanisms involved in these heter- 
ologous viral interactions, in vivo, may be explained on the basis 
of biological functions in host-viral relationships at the cellular 
level. 
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Summary and Conclusions 


The pathogenic effects on mice of mixed infection with Cox. 
sackie virus and poliovirus may be altered by variations in virus 
serotype, dosage, route of inoculation and age of the animals. 
Prior intracerebral inoculation of Coxsackie viruses (B-1 and 
B-4) afforded no protection to adult mice against intracerebral 
challenge with type 2 poliovirus, while intracerebral and intra- 
peritoneal inoculation of Coxsackie virus (B-3) limited the prog- 
ress of poliomyelitis in these animals. In the latter experiments 
proliferation of Coxsackie virus was observed only in those ani- 
mals that had received subsequent poliovirus injections. No evi- 
dence for interference with poliovirus infections of adult mice 
was obtained when prior inoculation of different strains of Cox- 
sackie virus (A-1, A-2, A-3 and 2 A-4) was employed. A Cox- 
sackie virus (A-4), however, enhanced subsequent poliovirus 
infection by decreasing the incubation period. In addition, it was 
found that prior inoculation of immature mice with poliovirus 
resulted in a sparing effect on the early stages of infection with 
Coxsackie virus (A-4). These studies therefore provided further 
support for the assumption that pre-emption of certain cells by 
one agent is requisite for alterations in the progress of the other. 
A change in specific susceptibility of animals by age selection, or 
by use of agents with differing tissue tropisms caused anticipated 
variation in experimental results. 

Studies of mixed infections of several tissue culture systems 
with active and inactivated agents suggested possible mecha- 
nisms involved in the in vivo experiments. Pretreatment of HeLa 
cell monolayer with active Coxsackie virus (B-3) increased the 
time for the appearance of poliovirus-induced cytopathogenesis 
while ultraviolet-inactivated Coxsackie virus decreased this in- 
terval. Further studies provided evidence that these effects were 
due to the activity of the Coxsackie virus particle per se rather 
than to a suspected extraviral component. 

Suspended original HeLa cell cultures, as well as the S3 line, 
infected with each agent demonstrated striking variations in 
cycles of virus multiplication and cell degenerative activities. 
Such cell cultures exposed to both agents simultaneously ex- 
hibited a delay in cytopathogenesis in addition to reciprocal viral 
interactions. An inhibition of poliovirus adsorption and release 
occurred along with a late, abnormally high ratio of free to cell- 
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associated Coxsackie virus. The latter observation may have been 
due to a premature release of Coxsackie virus from doubly in- 
fected cells by the increased permeability and disintegration 
characteristic of poliovirus infection. 

From these data it appears likely that the reciprocal effects 
observed in mixed infection with Coxsackie and poliovirus in 
vivo, may be explained on the basis of the results obtained from 
experiments in tissue culture systems. 
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CYTOLOGICAL STUDIES OF TUMORS, XXXVI. 
ALTERATIONS OF CELL POPULATIONS IN 
THE MTK-SARCOMA II AFTER SOME 
EXPERIMENTAL PROCEDURES* 


YosHIKAZU MATANO AND SAasrtro MAKINO 


Several items of evidence have been collected during the last 
several years from cytological analysis of tumor cells in the rat 
and mouse to show that the constancy of the stemline, while very 
pronounced, is not necessarily permanent, and that transplant- 
able ascites tumors during serial transfers have undergone nu- 
merical and structural changes of chromosomes (Levan 1956, 
Makino 1957, Tonomura and Sasaki 1957, Makino and Sasaki 
1958, Yosida 1959). The present communication presents ex- 
amples to demonstrate that tumor cell population im vivo can be 
altered experimentally. 

The MTK-sarcoma II is one of the transplantable ascites 
tumors of the rat produced by means of a long-term administra- 
tion of azo dyes (Tanaka and Kano 1951). In early transfer 
generations, the MTK-sarcoma II was characterized by stem 
cells, the subdiploid chromosome complement being 40 or there- 
abouts in number, with one V-shaped element of outstandingly 
large size as a marker chromosome, by the presence of which 
the present tumor was clearly distinguishable from the normal 
somatic tissues, as well as from some other tumors of like nature 
(Makino and Kano 1953, Tonomura 1954). Later Tonomura and 
Sasaki (1957) found that numerical and morphological changes 
of the chromosomes had taken place in this tumor; the stem cells 
contained two V-shaped marker-chromosomes with a modal chro- 
mosome number of 39. Very recently a further shift was found 
to occur in the stemline chromosome pattern of this tumor. The 
present paper describes the most recent stemline chromosome- 
pattern of the MTK-sarcoma II, together with evidence demon- 
strating that some experimental procedures could induce altera- 
tions in frequency of cell populations. 

* Contribution No. 509 from the Zoological Institute, Faculty of Science, 


Hokkaido University, Sapporo, Japan. Aided by a grant from Damon Runyon 
Memorial Fund for Cancer Research to S. Makino (DRG-563). 
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Materials and Methods 


The rats used in the following experiments with the MTK-sarcoma II were 
purely inbred Wistar albinos, weighing about 100 grams. 
The chromosomes were studies under the following four experimental 


schemes: 
1. Tumor cells, obtained from the 493rd to 583rd transfer generations, pro- 
vided the control material. 
The chromosomes were observed in the tumor after the treatment of tri- 
ethylene melamine (TEM, Harold Heifetz Chemical Laboratories): a 
suspension prepared with 1 mg of TEM and 100 cc of a physiological 
saline solution was used for intraperitoneal injection. A single injection 
was given to each tumor-bearing rat on the third day after transplantation 
at dose levels of 0.05 or 0.1 mg per 1 kg of body weight. 
A piece of the tumor nodule. which was developed on the omemtum of a 
tumor-bearing rat, was removed; after being washed with Rinaldini’s 
solution, containing 0.15 per cent trypsin, it was minced with small scissors 
and intraperitoneally transplanted into a new rat. The tumor cells devel- 
oped well in the peritoneal cavity of the new host, forming a new cell- 
population in ascites form. The chromosomes were studied in tumor cells 
thus developed on the basis of the samples derived on the third day after 
transplantation. 
The chromosomes were investigated in a single cell-clone isolated from the 
stock tumor (Tonomura and Matano, unpublished). 
For observation of the chromosomes a water pretreatment squash method 
(Makino 1957) was adopted advantageously. 


Results 


I. The chromosomes of the stock tumor. 

In every sample derived from the most recent tumor-bearing 
rats, it was found that over 95 per cent of tumor cells at meta- 
phase was near-diploid, with the chromosome number varying 
from 37 to 43, the most frequent number being 39 (Table 1). 
The cells contained 1 to 4 prominently large metacentric chro- 
mosomes provided with median or submedian centromeres: they 
are clearly distinguishable from others. In the following descrip- 
tions, those particular chromosomes are designated as m or sm 
chromosomes, the former referring to median chromosomes and 
the latter to submedian ones. In Table 2 is given the frequency 
distribution of various cell-types in serial transfers ranging from 
the 493rd to 583rd generation with special reference to the m and 
sm chromosomes. It was shown that cells, having 2m chromo- 
somes, together with sm chromosomes, and those having 2m chro- 
mosomes only, were very prominent among others, both types of 
cells having 39 as their total chromosome number. In the follow- 
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TABLE 1 


Distribution of chromosome-numbers in serial transfers of the MT K-sarcoma II 
showing a mode at 39 





Chromosome number Total no. 
Transfer a — ———_— - -— of cells 
generation . 39 4 41 co 43 observed 


493rd-503rd 


31 10 3 48 
(8.3%) (64.6%) (20.8%) (6.3%) (100.0% ) 
6 81 13 


532nd-534th 
esate , (6.0%) (81.0%) (13.0%) 
570th—57 Ist 2 

(2.0%) (2.0%) (64.0% ) (22.0%) (6.0%) (2.0%) (2.0%) (100.0%) 
580th-583rd 1 6 38 15 2 1 1 5 
(1.6%) (9.4%) (59.4%) (23.4%) (3.0%) (1.6%) (1.6%) (100.0%) 


Total number 
of cells 2 17 182 49 8 2 2 262 


observed (0.8%) (6.5%) (69.3%) (18.7%) (3.1%) (0.8%) (0.8%) (100.0%) 





ing descriptions, the former type of cells are referred to as 2m-1 
sm type cells, and the latter as 2m type cells (Figs. 1 and 2). 
Ideogram analysis was made in three adequate metaphasic cells 
in each of the two cell-lines, following the system of Tjio and 
Levan (1956) with some modifications of arm index: M chromo- 
some carries a subterminal one, and T chromosome is character- 
ized by a centromere localized in its terminal region, though the 
short arm is not easily detectable. The numbers of M. S, and T 
chromosomes in the two types of cells were found as follows: 


Number of 
Cell-type M S T 
2m-1 sm 13 13 13 
2m 12 13 14 


A morphological comparison of the chromosomes was made 
between the two cell-lines (Figs. 3-8). It was shown that they 
were different in number of M chromosomes: 2m-1 sm type cells 
contained 13 M chromosome consisting of 2m-1 sm, and 10 small 
M elements, while 2m type cells included 12 M chromosomes, 
two of which were m chromosomes: the remaining ten were 
small M elements, quite identical with the corresponding ones 
occurring in the former type cells. They differed again in num- 
ber of T chromosomes: The T chromosome constitution of 2m 
type cells was 14 in number, consisting of two outstandingly 
large and nearly equal elements, nine medium-sized and three 
very small ones, whereas 2m-1 sm type cells contained 13 T ele- 
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TABLE 2 





Frequency distribution of various cell-types during serial transfers of the 
MTK-sarcoma Il with special regard to “m-” and “sm-” chromosomes 














Transfer generation Total no 






































Chrom Cell — - — — of cells 

no. type 493rd-503rd 532nd-534th 570th-571st 580th-583rd observed 
37 2m-ism 1( 1.6%) 1( 0.4%) 
im-ism 1( 2.0%) 1( 0.4%) 
3m-ism 1( 1.6%) 1( 0.4%) 

38 Q2m-2sm 2( 42%) 2( 0.8% 
2m-ism =_2( 4.2%) 5( 5.0%) 1( 2.0%) 4( 63%) 12( 4.6%) 














im-ism 1( 1.0%) 1( 1.6%)  2( 0.8%) 











2m-2sm s_ 2 2( 0.8%) 
3m i( 10%) 1( 0.4%) 
2m-ism 22(45.8%) 55(55.0%) 21(42.0%) 28(43.8%) 126(48.3%) 

( 42%) 5( 5.0%) 1( 2.0%) 1( 1.6%)  9( 3.4%) 


(10.4%) 13(13.0%) 6(12.0%) 5( 7.8%) 29(11.1%) 








39 1m-2sm 2 
5 






2m 































1m-1sm 3( 3.0%) 3( 60%) 3( 47%) 9( 3.4%) 
im 4( 40%) 1( 2.0%) 1( 1.6%)  6( 2.3%) 
2m-2sm 1( 21%) 1( 0.4%) 
3m 2( 2.0%) 2( 0.8%) 
2m-1sm 7(14.6%) 6( 6.0%) 5(10.0%) 10(15.6%) 28(10.7%) 
40 1m-2sm 2( 4.2%) 1( 2.0%) 1( 16%) 4( 1.5%) 
2m 2( 2.0%) 3( 60%) 4( 63%)  9( 3.4%) 
1m-1sm 2( 2.0%) 1( 20%) 3( 1.2%) 
im 1( 10%) 1( 20%) 2( 0.8%) 
2m-ism 3( 6.3%) 1( 20%) 4( 1.5%) 
3m 1( 1.6%) 1( 0.4% 
41 1m-2sm 1( 2.0%) 1( 04% 
2m 1( 2.0%) 1( 0.4%) 
‘on 1( 1.6%)  1( 0.4%) 





























42 2m-2sm 1( 2.0%) 1( 0.4%) 
2m 1( 16%) 1( 04%) 

: B 2m-ism 1( 2.0%) 1( 0.4%) 
2m 1( 1.6%) 1( 0.4%) 
















Total number of 


cells observed 48 (100.0% ) 100( 100.0% ) (50( 100.0% 64( 100.0% ) 262( 100.0%) 






ments, one of which was conspicuously large-sized, the remain- 
ing twelve similar to those found in the former. The two cell- 
lines were, however, nearly identical in regard to S chromosomes 
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Fics. 1-2. Photomicrographs of chromosomes of two cell-types of the MTK- 
sarcoma II, 39 chromosomes in each, x 1500. m: the large chromosomes with 
a median centromere, sm: the large chromosome with a submedian cen- 
tromere, t: the largest T chromosome. 
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Fics. 3-8. Ideogram analysis in two cell-types of the stock MTK-sarcoma 
II. 3-5, 2m—1sm type-cells. 6-8, 2m type-cells. 


since there were four considerably large and nine small S chro- 
mosomes showing a gradual order of size. 

In the light of the above findings, the conclusion was derived 
that the two cell-lines were different in their chromosome consti- 
tution since 2m type cells contained two extremely large T 
chromosomes but no sm chromosomes, while 2m-1 sm type cells 
possessed one corresponding large T chromosome and 1 sm ele- 
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ment similar in length to the former element. There is no evidence 
to speculate that the sm chromosomes occurring in 2m-1 sm type 
cells might have been derived as a result of pericentric inversion 
or centromere shift in one of the extremely large T chromosomes 
occurring in 2m type cells (for detail, see Matano 1960). It ap- 
pears therefore that 2m-1 sm type cells might be descendants 
from 2m type cells. 

It should be noted that the ideogram of the 2m type cells is 
identical to that of 2V type cells which were established as stem- 
cells of an original strain of this sarcoma by Tonomura and 
Sasaki (1957). 

In serial transfers of this tumor, these two cell-lines have 
served as stemlines contributing to the neoplastic growth in 
Wistar rats, and have maintained their chromosome patterns 
without shift. As shown in Table 2 the two types of cells have 
maintained their occurrence in tumor ascites, with a rather con- 
stant frequency of about 50 per cent for the 2m-1 sm type cells 
and about ten per cent for the 2m type cells. 


III. Alterations in frequency of two cell-lines after some ex- 
perimental procedures. 


1) After TEM-treatments: The behavior of the two cell-lines 
was studied under the influence of TEM. The application of 
TEM to the tumor-bearing rats induced a remarkable depression 
of mitotic rate of tumor cells. Subsequently mitotic activity in- 
creased strikingly with abnormal mitoses: about 24 hours after 
injection, almost all cells showed abnormal mitoses indicating 
remarkable structural changes of the chromosomes. By 40 hours 
after injection, the tumor cells gradually recovered from the 
chemical damage, showing normal mitotic behavior. By 72 hours 
after treatment, a complete regrowth of the tumor was attained. 

The chromosomal features of tumor cells under the effect of 
TEM were investigated just before and five to eight days after its 
injection. The behavior of the two cell-lines following TEM 
treatments are summarized in Table 3. It was shown that under 
the influence of TEM, 2m-1 sm type cells significantly decreased 
in number after treatment, whereas 2m type cells showed a tend- 
ency to increase in number. This was particularly evident in 
experiment II in which the number of the 2m type cells increased 
remarkably, predominating over that of the 2m-1 sm type ones. 
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TABLE 3 


Behavior of two cell-lines of the MT K-sarcoma I] after a single 
injection of TEM 





Frequency of two cell-types 
based on near-diploid cells 





Exp. I Exp. II Exp. III 
Host condition Cell type (0.05 mg/kg) 0.1 mg/kg 0.1 mg/kg 
Before injection 2m-ism 45.8% 55.0% 42.0% 
2m 10.4% 13.0% 12.0% 
Complete recovery, 2m-ism 24.0% 30.0% 26.0% 
5 to 8 days 2m 12.0% 32.0% 16.0% 
after injection 
9th transfer genera- 2m-ism 
tion after injection 2m 





Ideogram analyses were undertaken with samples derived from 
experiments IT and III before and after TEM-injection on the 
basis of three metaphasic cells in each cell-line. These showed 
that the chromosome constitution was not altered by the treat- 
ment, the stem-cells persisting in their characteristic chromo- 
some constitution (Figs. 9 and 10). The tumor cells were then 
sampled on the sixth day after TEM treatment, and transplanted 
into untreated Wistar rats successively for nine generations. In 
the ninth generation, the chromosomes were examined (Exp. III 
in Table 3). The results showed that both frequency and ideo- 


Duy Nyy ONVONIYS WW 0b0v0V..- 
If Meg ase x Cua INuoyvnny N0vUovv0 ve. 


AE Cvrssersers NK Gu venus Worvovev0... 
my Dad vu sv WM ovvve0... 


Fics. 9-12. Ideogram analysis in a cell-types after experimental condi 
tions. 9-10, after TEM-treatment. 11-12, after transplantation of a metastatic 
tumor nodule. 
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gram of the two stemline cells were similar to those of controls. 
It appears then that the change in frequency of the two types of 
cells, occurring after TEM treatments, is a result of response of 
tumor cells to the chemical treatment. 

2) After transplantation of a metastatic tumor nodule: The 
chromosomes were investigated on the third day after peritoneal 
inoculation of the tumor nodule metastatic on the omentum. The 
results are shown in Table 4. The 2m-1 sm type cells showed a 


TABLE 4 


Behavior of two cell-lines of MT K-sarcoma II after the transplantation 
of a metastatic tumor nodule 





Frequency of two cell-types 
based on near-diploid cells 





Host condition 2m-ism type cells 2m type cells 





Control (580th—583rd generations) 43.8% 7.8% 
After peritoneal inocul. 

of tumor nodule 66.6% 3.9% 
11th transfer generation 

after transplantation 40.0% 8.0% 





striking increase to 66.6 per cent of dividing cells with a cor- 
responding decrease of 2m type cells to merely 3.9 per cent. This 
feature is in inverse relation to the results obtained in the TEM 


experiments. 

The tumor appeared in an ascites form after having been 
transferred intraperitoneally in Wistar rats for 11 generations. 
At the 11th generation the frequency of the stemline cells was 
observed. The results indicated a frequency very similar to that 
of controls with stemline ideograms unaltered (Figs. 11 and 12). 

3) In a single cell-clone: Single cell inoculation experiments 
were performed with the stock tumor by Tonomura and Matano 
(unpublished), and a clone of 2m type cells was established. 
Ideogram analysis has shown that this clone was characterized 
by stem-cells having an ideogram identical with that of the 2m 
type cells of the stock tumor (Figs. 13 and 14). 

The chromosome analysis was carried out in this single cell- 
clone with about 600 metaphasic cells derived from the first, 
second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, 
twentieth and thirtieth transfer generations (about 50 cells in 
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Fics. 13-15. Chromosomes of a single cell clone. 13-14, ideograms of the 
stem cells of the single cell clone. 15, ideogram analysis in an exceptional cell 
found in the single cell clone (2m—1sm type). 


each generation). One exceptional cell was found in a sample 
from the 20th generation: it was characterized by two m chromo- 
somes and one sm chromosome, 39 being the total number of 
chromosomes. A detailed ideogram analysis of this exceptional 
cell made it clear that it was similar in chromosomal constitution 
to 2m-1 sm type cells (see Matano 1960). 


Discussion 


The present observations have shown that the MTK sarcoma 
II, studied by the authors, is characterized by two distinct cell- 
lines different in their chromosomal constitutions, one consisting 
of 2m type cells and the other of 2m-1 sm type cells. The stock 
tumor was found to contain 2m-1 sm type cells at a rate of about 
50 per cent of dividing cells, forming a superior line, together 
with 2m type cells at about ten per cent as an inferior line, pre- 
dominating over 2m-1 sm type cells (Table 3). Different re- 
sponses of the two cell-lines to chemicals applied are probably 
due to different drug resistance existing between the two cell 
types. Hauschka (1958) reported that drug sensitive tumors and 
their resistant sublines were different in their chromosome num- 
ber and structure. In an ascites tumor, transformed from a meta- 
static solid tumor on the omentum, the 2m-1 sm type cells formed 
a superior line increasing markedly in frequency with a con- 
comitant decrease of 2m type cells (Table 4). A single cell-clone 
isolated from the stock tumor was found to contain a predomi- 
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nant line consisting of 2m type cells. The ideogram analyses have 
revealed that the chromosome patterns of the 2m, as well as 2m-1 
sm type cells, show at least morphologically no alteration from 
those found in the stock tumor before and after the TEM treat- 
ments, after transplantation of a metastatic tumor, and in a 
clonal line. Further it was found that the 2m type cells cor- 
responded chromosomally to the 2V type cells reported by 
Tonomura and Sasaki (1957) in a strain of the MTK sarcoma II. 
The evidence presented here furnishes examples which demon- 
strate that tumor cell populations in vivo can be altered experi- 
mentally. Probably, experimental shocks may alter physiological 
conditions of the tumor-bearing rats which may lead to the 
change of growth pattern of the two cell-lines, apparently as a 
result of adaptation of cells to new conditions. Similar data, in- 
volving the adaptation of tumor cells to the physiological condi- 
tions of the host, have been presented in a human gastric car- 
cinoma: two distinct cell-lines of this tumor, having different 
chromosome constitutions, showed a striking change in fre- 
quency value after radiation treatments of the patient (Makino 
et al. 1959). 

Recently Hsu and Kellogg (1960) published a paper on an 
experimental alteration of cell populations in vitro working with 
strain L-P59, a subline of strain L clone 929 of the mouse. They 
showed that cell populations in vitro could be altered by means of 
long-term colchicine treatments. Their study suggests a method 
by which metabolically inferior mutants can be selected from 
cell populations in vitro. The present findings, derived from in 
vivo specimens from a transplantable ascites tumor of the rat, 
apparently approximate those of Hsu and Kellogg (1960) with 
in vitro specimens based on the mouse. A similar experiment 
was undertaken by Sasaki (1960), and one subline was selected 
through chemical treatments from a mixed population produced 
by a double inoculation of two different sublines of Yoshida 
sarcoma. It is interesting to see that there may be a remarkable 
similarity between the population structures of transplantable 
tumors and cel] strains in vitro, though the environmental condi- 
tions in vivo are obviously much more complicated than those 
in vitro, since in the former the cell population is always con- 
trolled by physiological conditions of the host animal. 
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On the basis of their findings Hsu and Kellogg (1960) empha- 
sized that “stemline” is a relative term depending upon the con- 
ditions of the environment, and that in a cell population there 
may be several stemlines, each being suitable for one type of an 
environment, and an equilibrium may be reached according to 
the environment provided for them. The present study seems to 
furnish some examples in favor of the above view. 


Summary 


The present investigations have revealed that the MTK- 
sarcoma II, a transplantable rat ascites tumor, is characterized 
by the occurrence of two distinct cell-lines, different in their 
chromosome constitution and frequency value. Evidence was 
presented to demonstrate that alterations in frequency of the two 
cell-lines could be induced experimentally. 


The authors wish to thank Drs. Eiji Momma, Tatsuya Tanaka, Akira Tono- 
mura and Motomichi Sasaki for their valuable criticisms. The authors are 
also indebted to Dr. T. C. Hsu for assistance in preparation of this manuscript. 
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RAPID PROGRESSIVE COMA IN UNSUSPECTED 
INTRACRANIAL MENINGIOMAS* 


Report of 4 Cases 


ANSELMO PINEDAt AND JOHN E. Cor 


One of the usual features of intracranial meningiomas as a 
group is the long history of neurological signs and symptoms 
preceding the initial examination by a physician. These may be 
evaluated without unnecessary haste and the patient may be 
completely investigated before proceeding with elective surgery. 
(2. 5, 7. 9) However, some patients with meningioma have 
rapidly developing symptoms and signs which progress quickly 
to a critical state. Although this fact is recognized by most ex- 
perienced neurosurgeons, a review of pertinent literature for the 
past 30 years did not show this to have been documented by 
papers dealing specifically with this problem. 

In Cushing and Eisenhardt’s (3) series published in 1938, 284 
cases of intracranial meningioma were reported. Of these 53. 
roughly 20%, had the history of a tumor of only one year dura- 
tion. Two cases had, respectively, a 3 week and 4 week history. 
while the balance had symptoms of 1 to 20 years duration. 

In 1955 Hoessly and Olivecrona (8) reported 280 cases of 
parasagittal meningioma, 172 of which had a duration of history 
of 1 year or more. One hundred cases had over a two year history 
but 56 cases were reported to have less than a 6 month history 
and 17 cases, or approximately 6%, had less than a 3 month 
history. 

Thus, although the great majority of patients with menin- 
gioma have a long history of slowly progressive neurological 
symptoms and signs (4, 14) an occasional individual is uncon- 
scious when first seen or has a brief history of convulsions, 
motor impairment, or headaches. These patients are usually 


* From the Division of Neurological Surgery, Department of Surgery, The 
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t Present address: Northwestern University Medical School, Chicago 11, 
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considered to have either a cerebro-vascular accident or an 
intracranial glioma. Moore (13), in his report of ten cases of 
clinically unrecognized intracranial meningioma, described five 
who developed a sudden apoplectiform onset and were admitted 
with diagnosis of cerebral thrombosis or hemorrhage. 

Four cases of clinically unsuspected meningioma with rapidly 
progressive course and unusually brief histories are presented 
here. 





Cases 


I. A 53 year old white female arrived in the emergency room 
in a comatose state. Apparently on the night before admission 
she retired early complaining of a very severe headache and was 
found comatose the next morning. On examination her blood 
pressure was 120/60; pulse 64; temperature 101.4° F. There was 
no papilledema, a questionable left Babinski, and no stiff neck. 
It was thought that the patient had suffered a cerebrovascular 
accident or had a possible glioma. A carotid arteriogram revealed 
a right parasagittal frontal lesion (Figure 1). ““Tumor stain” in 
the early arterial phase and filling of the tumor from the 
external circulation was noted. These radiographic changes were 
suggestive of a meningioma. On further inquiry into the history, 
the husband revealed that the patient during the previous three 
years had complained quite vaguely of an occasional generalized 
headache which was relieved by aspirin, and at times she had 
complained of temporary weakness of her left arm. A craniotomy 
was performed and the meningioma was removed in toto. Post- 
operatively the patient slowly improved and was discharged. but 





Fic. 1. Case 1. Parasagittal Meningioma. (a) carotid arteriography show- 
ing filling of abnormal vessels corresponding to the tumoral area, demon- 
strated by the arrow. Terminal branches of the middle cerebral artery being 
displaced posteriorly, (b) AP view with the shifting of the anterior cerebral 
toward the left side, (c) early filling to the parasagittal tumor from the 
external carotid artery branches. See staining as in (a). 
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we learned later that she died at home of unspecified cause six 
weeks after discharge. 

II. The second patient was a 43 year old colored female who, 
during only the past two months before admission, had com- 
plained of questionable lethargy and weakness of the right arm 
and leg. Prior to this, she was in apparently good health. Shortly 
before admission she began to have generalized convulsions and 
projectile vomiting. Examination revealed a semi-comatose pa- 
tient with blood pressure of 120/80 and a pulse of 80. Proptosis 
of the left eye and bilateral papilledema were observed. Routine 
skull x-rays were negative. A left carotid arteriogram revealed 
a “tumor stain” deep in the left frontal lobe with a shift of the 
anterior cerebral arteries to the right (Figure 2). The pre-opera- 
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Fic. 2. Case 2. Sphenoidal Ridge Meningioma. (a) marked shifting of the 
anterior cerebral artery toward the right side, (b) “tumor stain” at the level 
of the lower frontal region. See collateral circulation from external circula- 
tion at the prefrontal area. 


tive diagnosis was brain tumor, left frontal, probably a rapidly 
growing glioma; but at surgery a left sphenoid ridge meningioma 
was identified and removed. The patient was discharged, ambu- 
latory but with greatly diminished vision. 

III. The third patient, a 70 year old white female, presented 
a history of progressive unsteadiness of her gait for approxi- 
mately six months. She had become quite confused and unable 
to co-operate. She had been bedridden for several months and her 
clinical diagnosis was cerebral arteriosclerosis. Although she was 
able to talk and respond well during all this time, she had become 
lethargic, began to vomit and became unconscious on the day of 
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admission. Physical examination revealed no particular ab- 
normalities at the time of admission. Her blood pressure was 
160/100; she did not have papilledema. Later on, bilateral 
Babinski responses were observed. A lumbar puncture done 
earlier that day revealed protein over 200 mgm% with xantho- 
chromic fluid. Her neck was very stiff. Bilateral carotid arterio- 
gram revealed displacement of the anterior cerebral artery to 
the left and a “tumor stain” just above the tentorium on the 
right with early filling of the area of the stain from the external 
circulation (Figure 3). She was operated the same day and 


© 


Fic. 3 Case 3. Meningioma arising from the tentorium. (a) shifting of the 
anterior cerebral artery not marked, (b) abnormal “staining” at the level of 
the tentorium and occipital region. Retouched for better demonstration. 





following amputation of the occipital lobe, a meningioma arising 
from the tentorium on the right was identified and removed. 
Following two stormy post-operative days the patient gradually 
improved. On discharge she was ambulatory and had no 
complaints. 

IV. Although patient number four did not present herself at 
the hospital with acute symptoms, she is of interest because of 
her rapidly worsening condition while in the hospital. She was 
a 57 year old white female who gave a history of gradually in- 
creasing generalized headaches of about one year duration. Six 
months before admission she noted a gradual increase in weak- 
ness of the right arm and leg. For two months she had noted 
failing vision and a decreasing sense of smell. General physical 
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examination was unrevealing except that it was thought by some 
examiners that the left common carotid artery was less palpable 
than the right. Blood pressure, 120/80; pulse 80. Neurological 
examination showed weakness of the entire right facial muscu- 
lature, right arm and right leg. There was no papilledema. The 
patient was alert and co-operative. Visual fields showed a left 
scotoma. Three days after admission she became suddenly 
drowsy and lethargic. Her blood pressure dropped to 90/60. 
Carotid arteriography revealed a huge bifrontal lesion, more on 
the left (Figure 4). There was a “tumor stain” with early 
filling of the tumor area from the external circulation. A bi- 
frontal craniotomy performed revealed a large meningioma at- 
tached to the left olfactory groove. The tumor was entirely 
removed and the patient discharged greatly improved with rela- 
tively little residual defect. 


Discussion 


The four cases presented here illustrate that intracranial 
meningiomas may be characterized by a very rapid development 





Fic. 4. Case 4. Meningioma of the Olfactory Groove. (a) left carotid arteri- 
ography demonstrating early circulation across the floor of the olfactory 
groove area and orbital roof. Marked displacement of the anterior cerebral 
artery upward and posteriorly, (b) AP view with pronounced shift of the 
anterior cerebral artery toward the right side, and the middle cerebral artery 
outwardly. 
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of acute symptoms of such a nature that the clinical picture may 
be easily confused with that of rapidly growing gliomas and even 
of acute vascular lesions. Cerebral arteriography differentiates 
these cases from vascular lesions and suggests the type of tumor 





present. 

In clinical experience, loss of consciousness as a result of a 
cerebral tumor or hemorrhage is taken for granted, often without 
asking why it occurred in a particular case. It has been suggested 
in these cases, and we include meningiomas, that a direct or 
indirect disturbance of function of the diencephalon may be a 
determining factor (1). These effects are often present as a 
progressive deteriorating condition. However, the same clinical 
experience, had led to the differentiation of certain character- 
istics of the state of unconsciousness in relation to the site and 
nature of the causative lesion (1). 

We cannot find in the literature an account of any proved 
mechanism explaining the rapid deterioration where hemorrhage 
and thrombosis is not a complication. Case 3 could fall within 
the category of upper brain-stem compression syndrome as 
described by Howell (10), except for the lack of extensor rigidity 
and a noisy respiration. It is possible that in cases 2 and 4 a 
direct compression at the “anterior critical point” of Jefferson 
were present. An “indirect” compression of this structure did 
occur in Case 1. 

Jefferson (11, 12) says that in compression of the “anterior 
critical point” there is progression from drowsiness to coma 
either quickly or slowly with very little to show in the way 
of intracerebral hematoma, but frank infarction resulting from 
spasm of the vessels of the anterior perforated substance and 
accompanying edema. We assume that this edema, when progres- 
sive, will lead to the upper brain-stem compression syndrome of 
Howell, but this would need to develop quickly to account for 
rapid deterioration and loss of consciousness. Jefferson has stated 
that for the mechanism he describes, the brain-stem, the posterior 
hypothalamus, the basal ganglia and the cortex do not necessarily 
need to be damaged. His observation is based on clinical and 
pathological material. He has suggested too that, more frequently. 
stupor is caused very rapidly by massive lesions occuring any- 
where in the cranial cavity, a common cause being pressure at 
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the tentorial level, his “posterior critical point” which corre- 
sponds to a critical level of the brain-stem reticular activating 
system. 

"It is not possible to arouse a patient by stimulating sensory 
tracts when he does not have a functional reticular formation 
(6), as in state of coma. There is an inclination to accept integra- 
tion of different regions essential to consciousness such as the 
brain-stem, hypothalamus, region of the third ventricle, cerebral 
hemisphere. The evidence provided in man and animals of the 


‘fundamental mechanism of the reticular activating system in 


consciousness leads us to assume that the area of Jefferson’s 
“anterior critical point” is closely related to that system. Ex- 
perimental and more anatomical-clinical data are needed before 
this hypothesis can be accepted as fact. 


Summary 


Four cases of intracranial meningioma are reported which 
had normal skull x-rays and swiftly progressive loss of conscious- 
ness, suggesting rapid growing gliomas and various vascular 
lesions. The possible mechanism of unconsciousness in these cases 
is briefly discussed. 
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ENZYMES OF THE KIDNEY OF THE NORMAL AND 
HYPERTENSIVE RAT* 


MouHAMMED MatTiur RAHMAN, ARTHUR GROLLMAN, 


and Lester PACKER 


It is now generally accepted that the kidney is concerned in 
the pathogenesis of hypertension (9). The present study was 
undertaken, therefore, to compare the enzymatic functions of 
the normal and hypertensive kidney in order to determine if 
hypertension is associated with any changes in the enzymatic 
activity of the kidney. Although one cannot at present define the 
renal dysfunction in hypertension in terms of any single enzy- 
matic process, the data obtained contribute to our understanding 
of renal enzymology which has been the subject of many recent 
studies on human as well as animal tissues. The present study 
was designed to investigate certain enzyme systems concerned 
in carbohydrate and phosphate metabolism, and energy produc- 
tion linked to cellular respiration, in order to compare the 
metabolic pattern of the kidney in the normal and hypertensive 
animal. A few determinations have been included on heart and 
liver since available data suggest that these also manifest differ- 
ences in normal and hypertensive animals. 


Materials and Methods 


Male adult rats of the Long-Evans strain, reared in the laboratory, were 
used. Hypertension was induced by the “choline-deficiency” procedure of 
Grollman and White (10) which involves no operative procedure and results 
in renal changes comparable to those observed in essential hypertension of 
the human. The blood-pressures of the hypertensive animals, as determined by 
the method of Williams, Harrison and Grollman (27), ranged from 160 to 
200 mms. Hg., as compared to 112 + 14 mms, for the control normal rats. In 
all cases, the hypertension was of, at least, 3 months duration. 

The animals were killed by dislocation of the cervical spinal cord and the 
tissues removed and placed in 0.25 M sucrose precooled to 3 to 5° C. Since the 
kidney is a heterogeneous organ, studies were made on its three major con 


* Supported by a Grant from the Public Health Service, National Institutes 
of Health (H-4124-C2). From the Departments of Experimental Medicine 
and Microbiology, The University of Texas Southwestern Medical School, 
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stituents—the outer cortex, inner cortex and medulla—which were separated 
by dissection of the chilled tissue, as well as on the whole organ. Homogenates 
were prepared in a Potter-Elvehjem homogenizer with 10 volumes of 0.25 M 
sucrose. The crude homogenates were freed of gross particles by centrifuging 
in a refrigerated Sorvall Model SS-1 centrifuge, which was set at 3000 x g 
for a total of 30 seconds. A portion of the supernate was used immediately 
for manometric studies; part of the remainder was stored at — 15°C for 
subsequent determination of phosphatases. The remaining homogenate was 
centrifuged at 10.000 x g for 10 minutes and at 105,000 x g for one hour and 
the supernatant solution was used for the spectrophotometric determination of 
the pyridine nucleotide-linked enzymes. Kidney mitochondria and submicro- 
scopic particles were separated, as described by Schneider (23), except that 
the precipitate obtained after centrifugation at 10,000 x g, suspended in ice- 
cold 0.25 M sucrose solution, was used to separate the mitochondrial particles. 
The mitochondria were washed twice with this solution. 

Assay procedures. Reaction systems used for assay are listed in the tables. 
The manometric determinations were made in a Warburg respirometer at 
37° C and the rates of oxygen utilization calculated from the time-uptake 
curves determined over a period of 1 hour. Polarographic studies of oxygen 
consumption were made as described by Packer (20). Spectrophotometric 
measurements of the pyridine nucleotide-linked enzymes were made on a 
Beckman DU spectrophotometer by the procedure of Kornberg and Horecker 
(16). The turnover numbers and molar concentrations of the mitochondrial 
respiratory chain were determined from difference spectra obtained with a 
Bausch and Lomb Spectronic 505 recording spectrophotometer. Fluorometric 
measurements were carried out in a Brice-Phoenix universal light-scattering 
photometer 

Malate and isocitrate oxidation rates were determined by the the methods of 
Ochoa (18, 19) at 25-26° C. Lactic dehydrogenase was assayed by the pro- 
cedure of Kornberg (15). 

Alkaline phosphatase was determined at pH 8.8 in a system containing f- 
glycerophosphate (33 mM), Tris (6.7 mM) and MgCl, (7 mM); acid phos- 
phatase, at pH 5.0, by the method of Appelmans et al. (1), after incubation as 
suggested by Strauss (24); glucose-6-phosphatase, at pH 6.5, by the method of 
de Duve et al. (5); ATP-ase, at pH 7.4. by the method of Potter (21). In- 
organic phosphate was determined by the method of Fiske and Subbarow (7): 
protein by the method of Kingsley (14). after solubilizing the tissue in 1 per 
cent deoxycholate. Bovine serum albumin (fraction V) was used as a standard. 

The turnover numbers and concentrations of the respiratory components 
in mitochondria were determined, as described by Chance and Baltscheffsky 
(3), from the difference of the oxidized and the reduced spectra and the 
oxygen utilization. 

The data were analyzed statistically as described by Fisher (6). Standard 
deviation of the means (S.D.) are expressed as + “Xd? , The differences 

n—1 
of the means are reported only whenever statistically significant (P value less 
than 0.05) 
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Enzymes of the Kidney 635 
Experimental Results 


Citrate oxidation. The rate of oxidation of citrate by homoge- 
nates of whole kidney, outer and inner cortical areas of the kid- 
ney and of the heart are summarized in Table I. It may be noted 
that oxygen utilization is greatest in the inner cortex reflecting 
the presence of proximal and distal tubular segments in this 
area. The medulla of the kidney, on the other hand, (data for 
which are not included in the table) consumed citrate only 
slowly (61.9 +9 yl. of O. per hour per mg. protein), and the 
rate was increased only slightly by supplementation with acetate 
(2 mM) and pyruvate (2 mM). In this respect the medulla 
resembles the heart. As noted in Table 1, there is a reduction in 


TABLE 1 


Rates of oxidation of citrate in kidney and heart of 3 normal rats as com- 
pared to 8 hypertensive animals. 

The reaction system (3 ml.) at pH 7.4, contained KH,PO, (1 mM), MgCl, 
(5 mM), ATP (1 mM), citrate (13.3 mM), Tris (7 mM) and sucrose (200 
mM). Results are expressed as ul of O, consumed per hour per mg. protein. 





Whole kidney 





Without With Outer Inner 
substrate substrate cortex cortex Heart* 











Normal 34.2+4.5 2256+9.0 133.82+7.5 168.6+9.0 66.0+6.0 
Hypertensive 30.9+6.0 203.7+6.0 114.6+9.6 136.2+10.2 57.0+7.8 
Difference (per cent) 9.7 14.4 19.2 

P value <0.05 <0.01 <0.01 





* Supplemented with acetate (2 mM) and pyruvate (2 mM). 


citrate oxidative capacity in the kidney of the hypertensive as 
compared to the normal in tissue homogenates supplemented by 
substrate, as suggested by Potter (21). 

It should be noted in Table 1 that there is a discrepancy be- 
tween the rate of oxygen utilization by whole kidney and its 
constituent parts. This is not a result of loss of activity induced 
by separation of these parts, for similar results were obtained 
when the homogenates were prepared from the separate portions 
of the whole kidney and then recombined. The cause of this 
phenomenon is unknown and may have a bearing on the differ- 
ences in the values obtained on the normal and hypertensive 


tissues. 
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Pyridine nucleotide-linked enzymes. Since the enzymes in- 
volved in the oxidation of GP* and PG are present in the soluble 
portion of the supernatant fluid of tissue homogenates (8), this 
system was utilized for study of these pyridine nucleotide-linked 
enzymes. 

The data of Table 2 do not reflect the true GP-dehydrogenase 
content as the PG-dehydrogenase present in the tissue also oxi- 
dizes PG produced by oxidation of GP. However, when PG 
is used as substrate, the observed activity reflects the PG- 
dehydrogenase content (4). 

As shown in Table 3, there is a reduction in the malic de- 
hydrogenase but an increase in the isocitric dehydrogenase of the 
renal cortex in the hypertensive as compared to the normal kid- 
ney. There is also a statistically significant increase in the isocitric 
dehydrogenase of the heart and lactic dehydrogenase activity of 
the outer cortex. As shown in Table 2, there are no differences 
between the GP and PG activities of the liver and heart of normal 
as compared to hypertensive animals. The kidney, on the other 
hand, manifests: (1) a higher GP activity of the outer cortical 
tissue in the hypertensive as compared to the normal; (2) a lower 
GP activity of the inner cortical tissue in the hypertensive as com- 
pared to the normal; (3) no statistically significant differences in 
PG activity in any portions of the kidney of the normal as com- 
pared to the hypertensive animal; (4) a markedly reduced PG 
and GP activity in the medullary as compared to the cortical 
tissues; and (5) a greater ratio of the rate of oxidation of GP to 
PG for the various portions of the kidney as compared to the heart 
and liver. 

Phosphatases. The alkaline, acid and GP phosphatases and 
ATPase contents of homogenates of the inner and outer renal 

cortex are given in Table 4. The results confirm the well- 
established high alkaline phosphatase content of the kidney (26) 
and show a slight reduction in this activity in the hypertensive. 


* The following abbreviations are used throughout this paper: 
ATP. Adenosine triphosphate 
DPN, Diphosphopyridine nucleotide 
DPNH, Reduced diphosphopyridine nucleotide 
FDTA. Ethylenediaminetetracetic acid 
GP, Glucose-6-phosphate 
PG, 6-Phosphogluconate 
Pi, Inorganic phosphate 
TPN. Triphosphopyridine nucleotide 
Tris, Tris (hydroxymethyl) aminomethane 
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TABLE 4 


Phosphatase in homogenates of the kidney from normal and hypertensive 


rats. 
Results are averages of determinations on 5 rats expressed as yg of inorganic 


phosphate liberated from substrate per hour. 











Alkaline Acid Glucose-6- 
phosphatase phosphatase phosphatase ATPase 

outer inner outer inner outer inner outer inner 

cortex cortex cortex cortex cortex cortex cortex cortex 
Normal 318 320 164 168 218 233 183 180 
S.D. tm 23% s12 211 if 35 +7 +12 
Hypertensive 298 292 165 165 215 247 185 190 
S.D. <3 219 x10 29 +1 +11 +10 +14 
Difference 

(per cent) —6.5 —8.7 +6 

P value <0.05 <0.05 <0.05 





On the other hand, the glucose-6-phosphatase activity of the 
inner cortex was slightly higher in the hypertensive as compared 
to the normal. The inorganic phosphate in the original homoge- 
nates was essentially the same (5.1 + 0.3 wg) per mg. protein in 
the normal as compared to the hypertensive animals (5.2 + 0.5). 


Respiration and phosphorylation of mitochondria. The in- 
tegrity of the respiratory chain and phosphorylating systems in 
hypertension is reflected in the data of Tables 5—7. The Q». 


TABLE 5 


Average turnover numbers and relative concentrations of the respiratory 
components in the mitochondria of the kidneys from two normal and hyper- 
tensive rats. 

Reaction system contained succinate (10 mM) as substrate, sucrose (50 
mM), MgCl, (5 mM), KCl (40 mM) and phosphate (as K salt, 20 mM) at 
pH 7.5. 





Concentration Relative 


Normal Hypertensive concentration 

Turnover number umoles protein lyper 
Component Normal Hypertensive per mg x 10-4 Normal _ tensive 
Cytochrome a 9.05 7.64 3.1 3.3 1.0 1.0 
Cytochrome b 21.65 20.76 1.3 1.2 0.4 0.4 
Cytochrome c 5.33 5.01 5.3 5.0 1.7 1.5 
Flavoprotein 7.21 5.30 4.1 5,2 1.3 1.6 
Cytochrome a., 8.85 8.00 3.2 3.2 1.0 1.0 
Pyridine nucleotide 2.75 3.63 10.2 7.1 3.5 2.2 
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TABLE 6 










Oxygen utilization by mitochondria of normal and hypertensive kidneys, 
Reaction system (3 ml.) at pH 7.4, contained phosphate (K-salt, 20 mM), 
MeCl, (5 mM) and sucrose (100 mM) with a-ketoglutarate (10 mM) as 
substrate. Results are averages on 4 animals and are expressed as ul of O,, 
per hour, per mg. protein. The 8-hydroxybutyrate was supplemented with 
ATP (2 mM) and DPN (2 mM); the lactate was supplemented with DPN 
(2mM). 



















Substrate Choline f£-hydroxybutyrate Lactate 






Normal 67.5+7.8 92.7+7.5 88.5+78 
Hypertensive 69.3+10.2 96.3+6.3 96.9+5.1 











TABLE 7 






Oxidative phosphorylation and ATPase activity in mitochondria from kid- 
ney of normal and hypertensive rats. 

Reaction system (3.0 ml.) at pH 7.4, contained a-ketoglutarate (10 mM), 
malonate (10 mM), phosphate (K-salt, 20 mM), MgCl, (5 mM), ADP (1 
mM). sucrose (100 mM) and EDTA (0.5 mM), hexokinase (320 Km 
Michaelis units) and glucose (150 wmoles). Average results on 3 rats are 
expressed as 4 Atoms of oxygen and umoles of Pi per hour per mg. protein 
per ml. ATPase activity was determined in the reaction system described by 



























Potter (21). 

O, utilization Pi-consumption ATPase activity 
Normal 11.3+0.1 35.6+3.0 11.9+0.2 
Hypertensive 12.1+1.8 37.52+5.4 11.7+0.3 





values with succinate were determined polarographically as 
described by Packer (20). These values were 0.70 + 0.05 and 
0.69 + 0.02 »M per second per mg. of mitochondrial protein, 
respectively, for the normal and hypertensive kidneys. Both 
showed respiratory control ratios of 2 with 200 »M ADP. As 
noted from Table 5 the mitochondria from normal and hyper- 
tensive kidneys show the same patterns of turnover numbers and 
relative concentrations of the components of the respiratory 
chain, and there is no evidence of any functional deficiency in 
the respiratory chain. Similar results for the concentration of the 
cytochromes were obtained using dithionite as reducing agent 
instead of reducing these pigments enzymatically. Our results 
are in contrast to the conclusion of Raska (22) that the cyto- 
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chrome oxidase and cytochrome c content of the kidney of dogs 
rendered hypertensive by application of a Goldblatt clamp is 
reduced. 

A comparison of the data of Table 5 with the results of Chance 
and his co-workers (3) indicates that the relative concentration 
of cytochrome c + c, in kidney mitochondria is near that from 
liver or heart mitochondria. On the other hand, the relative con- 
centration of flavoprotein and pyridine nucleotide in kidney 
mitochondria is similar to that in heart, but less than in mito- 
chondria of the liver. 

To induce oxidation of glutamate, kidney mitochondria re- 
quired the presence of DPN. The oxidation of 8-hydroxybutyrate 
and lactate was stimulated, 20 and 35-fold, respectively, by such 
supplementation and the substrates were therefore examined in 
the presence of added cofactor (Table 6). The oxidation of these 
substrates as well as of choline by mitochondria was not altered 
in the hypertensive as compared to the normal kidney. 

The phosphorylating capacity of mitochondria, as shown in 
Table 7, is also not altered in the hypertensive animal. The 
values for inorganic phosphate consumed, the ratio of phosphate 
to oxygen consumption and the ATPase activity were the same 
in normal and hypertensive animals. 


Discussion 


Several investigators have concluded that hypertension is as- 
sociated with such specific alterations in enzyme function as a 
reduction in the oxidative metabolism of the kidney (2, 17, 22). 
The reduction of glucose-6-phosphate dehydrogenase content of 
the macula densa cells of the tubules, as observed histochemi- 
cally, is particularly striking (12). The present study also reveals 
certain enzymatic patterns in the kidney. The internal cortical 
area, which contains the active proximal and distal portions of 
the tubules, manifests greatest activity as regards citrate and 
glucose-6-phosphate oxidation; the outer cortex oxidizes phos- 
phogluconate at the most rapid rate. The metabolism of pyridine 
nucleotides, as reflected in studies of malic, isocitric and lactic 
dehydrogenases, is less active than that observed in heart and 
liver. On the other hand, the participation of flavoprotein and 
pyridine nucleotides in the respiratory chain of kidney mito- 
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chondria resembles that of heart mitochondria and is of a lesser 
intensity than in the liver. 

The data presented demonstrate the marked differences in 
enzymatic activity manifested by the different areas of the kid- 
ney and the necessity for compartmental analysis. This is not 
unexpected in view of the demonstrated differences in function of 
the component parts of the kidney. In the normal kidney, enzy- 
matic activity is appreciably less in the medulla as compared to 
the cortex in the case of all the enzyme systems examined. The 
citrate and lactic dehydrogenase and the TPN-linked GP de- 
hydrogenase enzymes are approximately 20 per cent greater in 
the inner as compared to the outer zone of the cortex. On the 
other hand, the TPN-linked PG dehydrogenase is less in the 
inner than in the outer cortex. Other enzymic moities such as 
DPN-linked malic dehydrogenase and the four phosphorylitic 
enzymes are present in equal amounts in both portions of the 
cortex. 

It is significant that the pattern of enzyme distribution in the 
hypertensive kidney is essentially the same as in the normal. 
However, certain differences are observed between the hyper- 
tensive and normal kidneys, viz.: (1) a decreased rate of oxida- 
tion of citrate and an increased rate of isocitrate oxidation in both 
areas of the cortex in the hypertensive as compared to the 
normal; (2) a lesser increase in lactic dehydrogenase activity in 
the hypertensive; (3) an increase in the TPN-linked GP activity 
of the outer zone with a decreased activity in the inner zone; and 
(4) the same rate of PG activity in all portions of the hyperten- 
sive kidney as compared to the normal. These differences in 
TPN-linked enzymes suggest changes in the pathways of glu- 
cose utilization. 

Of the four phosphatases examined only the alkaline phospha- 
tase was significantly lower (in both the inner and outer cortex) 
and the glucose-6-phosphatase was higher (in the inner zone 
only) in the kidney of the hypertensive as compared to the 
normal animal. 

The respiratory enzymes of kidney mitochondria from normal 
and hypertensive animals show a similar pattern of activity. 
Such differences as were noted cannot be regarded as significant. 
Likewise, the oxidation of substrate (Table 6) and oxidative 
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phosphorylation of a-ketoglutarate are similar in the kidneys 
from both groups of animals. 

Although suggestive, the changes in enzymatic function ob- 
served in hypertension do not permit one to conclude that these 
necessarily reflect a molecular basis for this disorder. It is sig- 
nificant that such major biochemical processes at the cellular 
level as are concerned in energy synthesis and mitochondrial 
function are essentially the same in the hypertensive and normal 
animal. The presence of such differences as were observed does 
not imply necessarily that these are the specific causes of hyper- 
tensive disease since the procedures used for inducing hyperten- 
sion might by their incidental morphologic disturbances be re- 
sponsible for the observed changes in enzymatic function. This is 
particularly true of previously reported studies which were car- 
ried out on animals in which hypertension was induced by opera- 
tive manipulation of the kidney with gross morphologic dis- 
turbance of the renal parenchyma. 


Summary 


Enzyme systems concerned in the energy synthesis of mito- 
chondria, viz., the respiratory chain and oxidative phosphoryla- 
tion, and the activities of the pyridine nucleotide dehydrogenases 
were compared in the kidneys, heart and liver of normal and 
hypertensive rats. Certain statistically significant differences in 
activity were found including a reduction in rate of citrate oxi- 
dation, alkaline phosphatase, and malic dehydrogenase activities 
and an increase in isocitric and lactate oxidation and GP-ase 
activities in the tissues of hypertensive as compared to normal 
animals. However, the general pattern of the major biochemical 
processes at the cellular level, such as phosphate esterification by 
respiratory chain phosphorylation, phosphate-ester breakdown 
by phosphatases, the components of the mitochondrial and respi- 
ratory chain, and the activities of pyridine nucleotide-linked 
enzymes, are quantitatively similar in normal and hypertensive 
animals. 
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EFFECT OF MORPHINE ON PITUITARY CYTOLOGY 
AND GONADOTROPHIC LEVELS IN THE RAT* 


Epwarp G. RENNELSs? 


Introduction 


In a preliminary report it was pointed out that the daily in- 
jection of morphine sulfate into young female rats for a two 
week period results in a threefold increase in the pituitary con- 
tent of FSH (follicle stimulating hormone) (Rennels, 1960). 
Since this treatment did not alter the pituitary level of LH 
(luteinizing hormone) it was of interest to study the effect of 
morphine treatment on the gonadotrophic cells of the pituitary 
gland. We have shown earlier that two tinctorial types of gona- 
dotrophs can be differentiated in the rat by the use of the PAS- 
methyl! blue stain (Rennels, 1957) and evidence that these two 
cell types are responsible for the elaboration of FSH and LH has 
been presented (Hildebrand, et al. 1957; Hellbaum, et al. 1961). 
In the present paper a detailed account of the hormonal assays 
and the cytological observations of the pituitary will be given. 


Materials and Methods 


The rats used in this study were all obtained from the Holtzman Rat Com- 
pany. Those which were treated with morphine sulfate were given daily 
subcutaneous injections (60 mg./kg.) for a two week period beginning at an 
age of 47 days. Although the initial experiments involved only female rats 
the study was later extended to include males of the same age. 

Vaginal smears were made on all of the females beginning at an age of 
45 days. At this age there has been at least one spontaneous ovulation and 
the vaginal membrane has already ruptured. All morphine injections were 
given between noon and 2 p.m. in order that a blockade of ovulation might 
be achieved (Barraclough and Sawyer, 1955). The results reported in this 
paper are based on pituitary material taken from 5 series of female rats and 
two series of males. Pituitary glands from most of the animals studied were 
used in the bio-assays for LH and FSH. At autopsy the pituitary glands 
were quickly removed and either prepared for bio-assay or fixed for cyto- 


logical study. 
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In the preparation of glands for bio-assay the posterior lobe was separated 
and discarded. The anterior lobe was then weighed on a torsion balance and 
placed between two clean microscopic slides. Pressure was applied to the 
slides causing the pituitary tissue to spread into a thin film. The two slides 
were separated and placed in desiccator jars for drying. A few days later the 
dried material was scraped from the slides, weighed and placed in ampules 
for later administration to assay animals. 

Pituitaries fixed for cytological study were placed in either Dawson’s fluid 
(saturated mercuric chloride in saline, 9 parts; formaldehyde, 1 part) or 
10% formol-saline. After processing and sectioning, representative sections 
from control and experimental glands were mounted together on slides and 
stained with PAS-methy]l blue or aldehyde-fuchsin. Details of the mounting 
procedure and modifications of the staining methods used have been published 
previously (Rennels, 1957). 

Ovaries from control and morphine-treated animals of one series were taken 
at autopsy, weighed and fixed in Dawson’s fluid. Paraffin sections were pre- 
pared and stained with hematoxylin and eosin. Routine H and E sections of 
testes and ventral prostate were prepared in the case of the male series. 

Assays for FSH and LH were performed on the air-dried pituitary material. 
For the assay of LH the ventral prostate method (Greep, et al. 1941) utiliz- 
ing immature hypophysectomized male rats was employed. Holtzman male 
rats were hypophysectomized at 22 days of age. Beginning on the second day 
after hypophysectomy 4 daily subcutaneous injections of pituitary material 
were given and the animals were autopsied on the day following the last 
injection. The dried pituitary material was suspended in distilled water and 
kept under refrigeration between injections. At autopsy the testes, ventral 
prostate, and adrenal glands were weighed on a torsion balance. In addition. 
a careful check of the sellar region was made for pituitary fragments. The 
assay animals were not included if pituitary fragments were found or if the 
adrenal weight indicated the presence of a functional remnant of anterior 
lobe tissue. 

The FSH content of the dried pituitary material was determined by the 
use of the assay described by Steelman and Pohley (1953). In this assay 21 
day-old intact female rats are given daily intraperitoneal injections of 10 IU 
human chorionic gonadotrophin (HCG) for 3 days. This treatment produces 
an ovarian stimulation which can be augmented by the additional injection 
of FSH or pituitary material containing FSH. Preliminary assays indicated 
that the pituitary material from the morphine-treated animals was far more 
potent than that from the control animals and in later assays the dose was 
adjusted so as to obtain essentially a matched response with these two prepara 
tions. All injections of pituitary material were given by the subcutaneous 
route and in all assays uninjected control groups as well as HCG control 
groups were included. At autopsy on the day following the last injection the 
Ovaries were dissected and weighed. 

All assays reported were performed on at least two different series of assay 
animals. Due to the greater gonadotrophic potency of the male pituitary it 


Was necessary to reduce the dosage given the assay animals, especially in the 
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assay of FSH. In analyzing the data the “t” test of significance was used in 
the comparisons of certain mean values. 
Results and Discussion 
The effects of morphine treatment on the body weight and 
weight of the anterior pituitary gland are shown in Table 1. Both 
TABLE 1 


Effects of morphine treatment on young adult female rats 





5 No. persistent Body weight Anterior pituitary 
Treatment diestrus gm. ng. 





None-controls 0/45 478 +1.6+ 7.01+0-14 
Morphine sulfate+ 27/62 159+1.4 5.35=0.10 





* Standard error 
+ Subcutaneous injections were given daily for 14 days commencing on the 47th day of age. 
The injections were given between noon and 2:00 P.M. at a dosage of 60 mg./kg. 


weights are significantly lower in the morphine-treated group 
(P = < .001) and the suppression in pituitary weight is more 
than a reflection of reduced body weight. The lower body weight 
can be explained in part. at least, on the basis of a reduced intake 


of food and water during the treatment period. However, it has 
been shown in experiments involving pair-fed controls that the 
effects of morphine on the ovarian cycle are not a result of under- 
nutrition (Barraclough and Sawyer, 1955). Behavioral signs 
(depression of reflexes, muscular incoordination and catatonia 
followed by hypertonicity and salivation) similar to those ob- 
served by Barraclough and Sawyer (1955) were seen in the 
animals following the daily injections. Table 1 also shows a sum- 
mary of the effects observed on vaginal smears in two series of 
animals. All of the 45 normal females showed either normal 
cycles or no marked deviation from normal cycles while almost 
one-half of the morphine-treated animals exhibited diestrous 
smears for the 14 day treatment period. Most of the other treated 
animals showed abnormal cycles with a tendency toward a pro- 
longed diestrous period. For assay purposes the pituitary ma- 
terial from the treated animals was divided into two pools; one 
contained the glands from the persistent diestrous animals while 
the other contained the glands from the animals which exhibited 
irregular cycles. The glands from the control animals were also 
grouped according to whether the animals showed estrous (and 
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proestrous) smears on the day of autopsy or diestrous smears. 
Tables 2 and 3 give the results of the hormonal assays of the 


TABLE 2 


Effect of morphine on pituitary content of LH in female rats 





Pituitary No. assay Ventral 


donor group animals} prostate mg 


None- (uninjected controls) 10.9= 
Normal females—estrus 31.5+ 
Normal females—diestrus 36.1=2.0 
Morphine treated females— 

persistent diestrus 36.3= 
Morphine treated females— 


irregular cycles 10 32.6= 





* Standard error. 
+ Assay animals were 22 day-old, hypophysectomized male rats. Each animal was giv 
of 1 mg. of dried pituitary material. 


TABLE 3 


Effect of morphine on pituitary content of FSH in female rats 





Pituitary No. assay Total 


donor group animals} dose mg Ovaries mg 


None-( uninjected controls ) 13 19.7=9.7* 


None- (30 IU HCG only) 14 39,.7=2.3 
12 57.8=3- 
68.1= 


Normal females—estrus 
Normal females—diestrus 8 
Morphine treated 

females-—persistent diestrus i1 1.0 
Morphine treated 

females—irregular cycles 11 1.0 


69.6=5. 


48.0=? 





* Standard error. 
; Assay animals were 21 day-old intact, female rats. All groups given pituitary 
received, in addition, 30 IU of HCG 


material 


pituitary material obtained from the female rats. No difference 
in the pituitary content of LH was found on comparing the re- 
sponse of the ventral prostate to pituitary material from control 
and morphine-treated rats. Pituitary material from control 
animals killed in diestrus gave an almost identical response to 
that obtained with the pituitary material from morphine-treated 
rats killed in diestrus (36.1 compared to 36.3). In the case of 
pituitary material from both control and morphine-treated 
animals there is a suggestion that the glands may contain more 
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LH in the diestrous period than at other times, although the 
differences are not significant statistically. The testes were stimu- 
lated in all of the assay groups although these weights are prob- 
ably not a good index of either LH or FSH content alone. It can 
be concluded from the LH assay that the morphine treatment 
did not affect the pituitary content of this hormone. 

Results of the FSH assay are given in Table 3. It should be 
apparent that the pituitary material from the morphine-treated 
rats is approximately three times as potent as that from the con- 
trol animals. In the case of the pituitary material from the dies- 
trous donors one milligram of dry material from the morphine- 
treated rats gave an ovarian weight slightly above that obtained 
with three milligrams of material from control animals. A sig- 
nificant augmentation of the ovarian response produced by HCG 
alone was obtained in all assay groups which received, in ad- 
dition. injections of pituitary material. Such an augmentation is 
considered to be a reflection of the FSH content of the injected 
pituitary material (Steelman and Pohley. 1953). Again, as in 
the case of the LH assay, it was noted that a greater response 
was obtained with the pituitaries from animals killed in diestrus; 
this was true for pituitary material from both the morphine- 
treated and control animals. 

It was concluded from these assays that while the level of 
pituitary LH was not affected by the morphine treatment a 
marked increase in the pituitary content of FSH occurred. This 
information does not allow one to speculate on the effects which 
morphine may have on the release of either hormone but does 
offer an opportunity to relate the observed increase in pituitarv 
content of FSH to any alterations which may occur in the gona- 
dotrophic cells. 

Students of rat pituitary cytophysiology now generally agree 
that by suitable staining methods a cytological differentiation 
can be made between those basophiles which manufacture gona- 


dotrophic hormones (cells which are termed gonadotrophs or 
delta cells) and those which are concerned with the formation 
of thyrotrophic hormone (thyrotrophs or beta cells). Further- 
more, several workers have presented evidence that two distinct 


categories of gonadotrophic cells exist in the rat, one of these 
being regarded as the FSH producer, the other as the LH pro- 
ducer. There is not yet agreement, however, as to the proper 
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identity of these two types of gonadotrophs in terms of their dis- 
tribution pattern, staining characteristics, and fine structure. 
(See discussion by Hellbaum, et al. 1961). Using the PAS-methyl 
blue stain after formol-saline fixation, a color distinction can be 
made between the PAS-red gonadotrophs and PAS-purple gona- 
dotrophs (Rennels, 1957). On the basis of changes in FSH and 
LH after castration the conclusion seemed inescapable that the 
PAS-red gonadotrophs were responsible for LH storage (and 
presumably production) and the PAS-purple type with FSH 
storage (Hildebrand, et al. 1957). Since this interpretation differs 
markedly from that arrived at by Purves and Griesbach (1954) 
in similar studies we have continued to seek additional evidence 
relative to the functional activities of these two tinctorial types 
of gonadotrophs. It was of particular interest, therefore, to ana- 
lyze the pituitary glands of the morphine-treated animals for 
alterations in the PAS-reactive cells. 

The gonadotrophs in the glands of the normal females were 
found to be essentially as previously described (Rennels, 1957). 
Both PAS-red and PAS-purple types were present although the 
total number of gonadotrophs present in the female gland at 60 
days was quite small compared to the number seen in male 
glands. In the PAS-methy] blue preparations there was some dif- 
ficulty in distinguishing the centrally placed gonadotrophs from 
the thyrotrophs which also react with the PAS reagent. This dis- 
tinction could be made readily in sections stained with aldehyde 
fuchsin in which the thyrotrophs are selectively stained with the 
aldehyde fuchsin. A disadvantage of the latter method, however. 
is that both types of gonadotrophs are stained with the light green 
counterstain. 

In the glands of females treated with morphine, no striking 
difference was found in the number, size, or staining qualities of 
the gonadotrophs. A slightly greater number of PAS-purple cells 
was observed in several glands but in others no clear-cut deviation 
from normal was seen. No attempt to do cell counts was made 
since it was felt that the lack of a random distribution together 
with the known overlap in the distribution patterns of the two 
types of gonadotrophs would make a meaningful analysis of such 
data almost impossible. 

Since the pituitary of male rats is normally higher in FSH con 
tent and contains a much greater number of gonadotrophs than 
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the female it was considered advisable to study the glands of a 
group of male rats subjected to a similar period of morphine treat- 
ment. When compared to the glands of control animals it was 
found that the pituitaries of morphine-treated male rats showed 
a marked increase in number and size of certain of the gonado- 
trophic cells. The cells showing the most marked changes were 
those centrally placed, PAS-purple gonadotrophs which are con- 
sidered on other evidence to be responsible for FSH elaboration 
(Figs. 1 and 2). These cells are distinguished from thyrotrophs 

which are present in the same areas) not only by their staining 
affinities but also by shape, size, and positional relationship to 
vessels. A considerable variation in the number of thyrotrophs 
was observed among different individuals of both the normal and 
morphine-treated groups. In general, there seemed to be a some- 
what greater number of thyrotrophs in the glands of the mor- 
phine-treated animals. This fact cannot have influenced our 
evaluation of the changes in gonadotrophs, however, since thyro- 
trophs stand out quite clearly in preparations stained with alde- 
hyde fuchsin. In such preparations from morphine-treated ani- 
mals the increased number of gonadotrophs in the central areas 





EXPLANATION OF FIGURES 


All figures are micrographs of 4 4 horizontal sections of male rat pituitary 
glands. The sections from which figures 1 and 2 were made were mounted 
together and stained with the PAS-methy] blue procedure, following fixation 
in 10% formol-saline. Sections from which figures 3 and 4 were prepa 
were mounted together and stained with the aldehyde fuchsin method after 
fixation in Dawson’s fluid. 

Fic. 1. Pituitary section of a normal male rat. A portion of the pars inter- 
media is shown on the left. This represents an area in which the PAS-purple 
gonadotrophs are normally located. Scattered cells of this type may be seen 
along the sinusoids. x230. 

Fic. 2. Pituitary section from a morphine-treated male rat. The level and 
area shown are comparable to that shown in figure 1. Pars intermedia and 
residual lumen are seen on the left. Note the increased number and _ promi- 
nence of the PAS-purple gonadotrophs. Nearly all of the PAS-reactive cells 
in this field are PAS-purple gonadotrophs. x230. 

Fic. 3. Pituitary section from a normal male rat. This field is of a central 
area which normally contains both thyrotrophs and gonadotrophs. Two thyro- 
trophs (dark purple) are seen in this field as well as scattered, round gonado- 
trophs which stained with the light green counterstain. Acidophiles are only 
faintly stained with orange G. x230. 

Fic. 4. Pituitary section from a morphine-treated male rat. The level and 
area shown are comparable to that seen in figure 3. At the top and in the 
lower right corner are several thyrotrophs. Note the marked increase in 
number, size and staining intensity of the gonadotrophs, which are stained 
with light green. These centrally placed gonadotrophs are the PAS-purple 
type when stained with the PAS-methy] blue procedure. x230. 
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of the glands was apparent on inspection. At higher magnification 
it was seen that the centrally-placed gonadotrophs were not only 
more numerous but were also enlarged and more intensely 
stained (Figs. 3 and 4). Only very minor differences were found 
in the peripherally situated PAS-red gonadotrophs which are nor- 
mally concentrated in the angle adjacent to the intermediate lobe 
and at the periphery of the gland. 

It is known that the pituitary gland of the normal male rat con- 
tains a preponderance of FSH (Hellbaum and Greep, 1940). but 
it was necessary to determine if the effect of morphine on FSH 
storage was similar to that found in the female. For this purpose 
assays for LH and FSH were carried out on pituitary material 
from normal and morphine-treated males. The results of these 
assay are given in Tables 4 and 5. In regard to LH it was found 
that a somewhat greater amount of this hormone was present in 
male pituitaries since a total dose of 0.75 mg. of air-dried material 
from control males gave ventral prostate weights somewhat great- 
er than was obtained with 1.0 mg. of pituitary material from con- 


TABLE + 


Effect of morphine on pituitary content of LH in male rats 





Pituitary No. assay Ventral 


donor group animals; prostate mg. 





None- (uninjected control ) 5 8.8+0.9* 
Normal males 6 39,5+4.7 
Morphine treated males 5 37.8+4.6 





* Standard error 
+ Assay animals were 22 day-old, hypophysectomized male rats. Each animal was given a total 


of 0.75 mg. of dried pituitary material. 
TABLE 5 


Effect of morphine on pituitary content of FSH in male rats 





Pituitary No. assay Total 
donor group animals} dose mg. Ovaries mg. 





None-( uninjected controls) 7 
None- (30 IU HCG only) 1¢ 


Normal males 0.1 
Normal males 0.3 
Morphine treated males ‘ 0.1 





* Standard error 
+ Assay animals were 21 day-old intact, female rats. All groups given pituitary material 
received, in addition, 30 IU of HCG. 
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trol female glands. Again, as in the earlier assays of female 
pituitaries, no effect of morphine on the pituitary content of LH 
was found. In the case of the FSH assays it was found that the 
control male pituitary glands were far more potent than those of 
females. Thus, a total dose of 0.3 mg. of pituitary material from 
male donors produced a greater increase in ovarian weight than 
was obtained earlier with 3.0 mg. of material from female donors. 
This indicates that the pituitary glands of male rats of this age 
normally have more than ten times as much FSH as is contained 
in the glands of females. As in the case of females, it was also 
found that morphine injections for two weeks elevated the level 
of FSH by approximately threefold (Table 5). In the case of the 
males, therefore, it is possible to state that the increase in num- 
ber, size, and staining intensity of the centrally placed, PAS- 
purple gonadotrophs which follows morphine treatment is associ- 
ated with a marked increase in the pituitary content of FSH. 
Since no striking alterations in the other pituitary cells were ob- 
served this relationship is considered as additional evidence favor- 
ing our interpretation that the PAS-purple gonadotrophs are 
responsible for FSH elaboration and storage (Hildebrand, et ai., 
1957). 

If the above interpretation is correct one may ask why no 
marked changes in these cells were seen in the glands of the fe- 
males treated with morphine. It now seems likely that the expla- 
nation may lie in the much smaller number of gonadotrophic cells 
normally present in female glands. Shifts in the relative number 
of a given cell type that can be observed by microscopic inspection 
will depend on a number of factors including the initial number 
of such cells, the individual variability of this number and vari- 
ability in the distribution pattern of the cell type under study. 
Since cell counts were not made and only three levels of the 
glands were studied these considerations would seem adequate to 
account for the failure to observe any marked effect of morphine 
on the gonadotrophic cells of the females, Also, it should be 
pointed out that while no striking changes in the acidophiles were 
observed, the cytological methods used were not well suited to 
the study of these cells. It seems quite probable that pituitary 
functions involving hormones other than gonadotrophins would 
be affected by such a series of morphine injections. 
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Finally, while it may have been due to a fortuitous choice of 
dosage and duration of treatment, it appears that in the present 
study morphine treatment selectively increased the pituitary 
store of FSH without affecting LH. The cytological changes 
which accompanied this hormonal shift involved marked changes 
in the centrally placed, PAS-purple gonadotrophs. It is concluded, 
therefore, that these cells are responsible for FSH storage. While 
not proved by this experiment it seems a reasonable assumption 
that they are also responsible for the elaboration of this hormone. 


Summary 


The effect of daily injections of morphine sulfate (60 mg./kg. 
for a two week period) on the pituitary content of FSH and LH 
in young adult Holtzman rats was determined by bio-assay. Cyto- 
logical studies, utilizing the PAS-methy] blue and aldehyde 
fuchsin methods for gonadotrophs and thyrotrophs, were carried 
out on other pituitary glands from control and morphine-treated 
animals. It was found that the morphine treatment led to a per- 
sistent diestrous state in approximately one-half of the treated 
females. In both male and female rats subjected to the morphine 
injections there was a threefold increase in the pituitary content 
of FSH but no change in the level of pituitary LH. In the pitu- 
itary glands of treated males this increase in the FSH content 
was accompanied by a marked increase in the number, size and 
staining intensity of the centrally placed, PAS-purple gonado- 
trophs. It was concluded that this type of gonadotroph in the rat 
hypophysis is responsible for FSH elaboration and storage. 
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CHEST X-RAY FINDINGS IN EARLY 
DISSEMINATED LUPUS ERYTHEMATOSUS* 


Epwin G. TROUTMAN AND DANIEL L. CrESON 


Since the recognition in 1872 by Kaposi (5) of lupus erythema- 
tosus as a disseminated, systemic disease, the contents of the 
thorax have been known to harbor various manifestations of this 
disease and its related collagen disorders. Osler in 1895 (17) cited 
the preceding literature, which was mostly German, and noted 
the occurrence of pulmonary lesions. Osler’s own cases included 
instances of pericarditis, pleuritis, and pneumonitis (17, 18). The 
classic by Libman and Sacks in 1924 mentioned pleural and peri- 
cardial involvement (13), and the high incidence of pleuritis 
and pericarditis was emphasized by Baehr, Klemperer, and Schif- 
rin in their extensive clinical report in 1935 (1). In 1954, Harvey 
et al. published a lengthy review of the literature and an analysis 
of 105 new cases wherein they noted pericarditis in 45%, pleu- 
ritis in 56%. and “lupus pneumonitis” in 22% (8). 

Although parenchymal pulmonary infiltrations were long 
thought to be tuberculous, this was disproved (2, 10, 14, 16), and 
in 1941 Klemperer, Pollack, and Baehr called attention to the 
“waxing and waning bronchopneumonia” which was not ade- 
quately explained by autopsy findings (12). The next year 
Rakov and Taylor described the autopsy findings in a single case 
and focused upon the “atelectasis” which on microscopic exami- 
nation proved to consist of thickened alveolar septa with a low 
grade chronic inflammation (20). Later, in 1946, Foldes described 
similar findings. applied the term “‘atelectasizing pneumonitis.” 
and hastened to add that some of these changes were to be found 
in the more normal appearing, non-atelectatic areas (4). Others 
have confirmed these pathological changes (8, 19, 22). 

Changes in the pulmonary vascular tree have been mentioned 
repeatedly, but not emphasized. The usual vascular change is 
thickening of the vessel wall in the smaller arteries and arterioles 

* Presented to the University of Texas Medical Branch Student Research 


Forum. April 21. 1961, and to the Texas Chapter, American College of Chest 
Physicians, April 23, 1961. 
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and does not include hilar enlargement or an increase in the size 
of the lumen as in passive congestion (4, 19, 22). Clinical evi- 
dence of increased pulmonary pressure has not been generally 
observed, as in periarteritis nodosa, and in our series only one 
case had evidence of pulmonary outflow tract enlargement. 

Israel in 1953 (9), and then Taylor and Ostrum in 1959 (21), 
have presented the most detailed studies of the chest X-ray in 
disseminated lupus erythematosus and the latter authors list 
pericardial effusion as the earliest sign, followed by pleural ef- 
fusion, perivascular inflammation, subpleural inflammation, 
pneumonitis and linear atelectasis, in that order of appearance. 
At The University of Texas Medical Branch Hospitals we have 
had numerous occasions to wonder about the manifestations of 
disseminated lupus erythematosus on the chest X-ray. Our par- 
ticular interest has been in the changes occurring early in the nat- 
ural history of this disease and whether or not any evidence could 
be obtained by chest X-ray to support a clinical suspicion of dis- 
semination in early cases. 


Procedure 

Cases were selected from the files of the University of Texas Medical 
Branch Hospitals in which a definite diagnosis of disseminated lupus erythe 
matosus was made upon discharge and in which all chest X-rays were still 
available. Cases were not included if the data on the chart indicated that such 
a diagnosis was not clearly justified, if either LE tests or biopsy was not done, 
or if some other chest or heart disease was present which would obscure early 
changes that may have been due to disseminated lupus erythematosus. 

Of the 82 cases fitting our criteria, only six died before, or soon after dis 
charge; many are still living. Although this low mortality may prejudice the 
study in favor of less seriously afflicted cases, it enables us to emphasize the 
chest X-ray findings that occur early in the disseminated phase. Of the total 
cases, 58 had abnormalities on the chest X-rays which were not obviously due 
to some complication or other disease; 60 were confirmed by a positive LE 


test and/or biopsy. The sex incidence was 68 (83%) female and 14 (17° 


male; the number of white and colored males was nearly the same, but there 
were twice as many white females as colored (Table 1). 

Approximately 1500 chest X-rays taken on these 82 patients were read. 
Representative borderline changes were read as unknowns by Robert N. 
Cooley, M.D., Professor and Chairman of Radiology, John W. Middleton, 
M.D., Associate Professor of Medicine, and McClure Wilson, M.D., Associate 
Professor of Radiology. All X-rays were interpreted in accordance with the 
following outline: 

1. Evidence of pericardial and/or myocardial involvement: 

a. generalized cardiac enlargement without loss of chamber identity. 
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TABLE 1 


Age, sex, and race of the 82 cases of disseminated lupus erythematosus 
in this series 





White Colored 
Female Male Female Total 


1 


10-19 ¢ : 12 
20-29 19 
30-39 19 
40-49 20 
50-59 7 
Over 60 + 
Total 47 82 








b. a widening of the inferior portion of the cardiac profile. 
. Evidence of pericardial involvement: 

a. straightening of the left cardiac border with obliteration of the normal 
curves associated with the aorta, pulmonary artery, and left ventricle. 

b. obliteration of a cardiophrenic angle without adjacent pleural changes. 

c. water-bottle contour. 

. Evidence of pleural involvement: 

a. haziness over a lower lung field. 

b. obliteration of a costophrenic sinus. 

c. frank fluid (meniscus sign). 

d. certain cases with a high diaphram (suspected infrapulmonary ef- 
fusion). 

. Evidence of parenchymal involvement: 

a. linear streaks, or Fleischner’s lines, occurring usually in the lower 
third of the lung and often abutting the pleura at one end or the 
other. 

. “lupus pneumonitis,” manifested by focal patches of infiltration, ill- 
defined in both outline and substance, rarely dense or homogeneous, 
but loosely reticular or granular, and of low contrast (6). 

-. perivascular thickening revealed by an increased diameter of the 
vascular markings with extension into the peripheral zone (out of 
keeping with the quality of the X-ray and the age of the patient), 
usually not accompanied by hilar enlargement. 


Illustrative Cases and X-Rays* 


Case 1: A 16 year old colored female had skin lesions, negative 
LE tests, and an X-ray that showed a pneumonic infiltration in 
the left base, pleuritis over the medial portion of the left dia- 


* Clinical bases for the diagnosis of disseminated lupus erythematosus are 
omitted. 
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phram, a straightened left cardiac border, and perivascular thick- 
ening. Two years later, after the skin lesions had progressed with 
the interim arrival of the typical “butterfly” lesion, the LE tests 
were still negative, but the same findings were still present in the 
chest X-rays (Fig. 1). 

Case 2: 37 WF had a skin biopsy showing “collagen disease” 
and a chest X-ray revealed bilateral patchy pneumonitis and 
perivascular thickening (Fig. 2). Two months later there was 


Fic. 1, Case 1. Fic. 2, Case 2. 


Fic. 3, Case 2. Fic. 4, Case 2. 
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frank effusion on the left (Fig. 3). Nearly three years later, the 
LE tests were positive but most of the X-ray signs had cleared, 
leaving a somewhat straightened left cardiac border (Fig. 4). 
Case 3: 46 CF had a positive LE test and chest X-rays that 
showed only perivascular thickening (Fig. 5). This was the only 
patient out of the 30-49 age group with abnormal X-rays that 


did not have changes in the cardiac profile. 
Case 4: 17 WF was admitted for eye surgery and a routine 
chest X-ray showed perivascular thickening (Fig. 6). Three 


5, Case 3. 
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months later there was clinical evidence of lupus erythematosus 
and positive LE tests. 

Case 5: 15 WF had positive LE tests and X-rays that showed 
perivascular thickening (Fig. 7). Nearly a year later the LE tests 
were negative and the perivascular thickening had regressed 
(Fig. 8). 

Case 6: 23 CM had a frank pericardial effusion and pleuritis 
in the right costophrenic angle (Fig. 9). In the next three years 
there were three more episodes of frank pericardial effusion and 
during the last episode positive LE tests were finally obtained. 


Fic. 6, Case 4. 
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Case 7: 46 WF had positive LE tests, ascites, low voltage QRS, 
and an enlarged heart with inferior widening (Fig. 10). Three 
years later there was further enlargement of the cardiac profile 
with a suggestive water-bottle contour, bilateral pleuritis, and 
pneumonitis (Fig. 11). 

Case 8: 30 CF had evidence of pleuritis over the left diaphram 
and, possibly, some cardiac enlargement (Fig. 12). Two years 













Fic. 7. Case 5. Fic. 8. Case 5. 








Fic. 9, Case 6, Fic, 10, Case 7. 
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later lupus erythematosus was suspected and there were definite 
cardiac and pleural changes (Fig. 13). Four years after the first 
abnormal X-rays, these changes had largely regressed (Fig. 14), 
but the LE tests were then positive, and in another year there 
was suggestive electrocardiographic evidence of pericarditis and 
some of the cardiac and pleural changes reappeared (Fig. 15). 

Case 9: 27 CM did not take a deep breath for the first X-ray 
which, nevertheless, suggested some haziness in the right base 
(Fig. 16); the lateral revealed a fluid collection over the right 





Fic. 11, Case 7. Fic. 12, Case 8. 





Fig, 13, Case 8, Fig, 14, Case 8 
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diaphram which was elevated (? infrapulmonary effusion) (Fig. 
17). One month later there was no evidence of pleural fluid, but 
the cardiac profile seemed enlarged (Fig. 18). A year and one- 
half later there was inferior widening, obliteration of the cardio- 
phrenic sinuses. and perivascular thickening (Fig. 19). Skin 
biopsies revealed “collagen disease.” 

Case 10: 27 WF had low T waves, perivascular thickening and 
haziness in the right costophrenic angle (Fig. 20). The lateral 


Fic. 15, Case 8. Fic. 16, Case 9. 


Fic, 18, Case 9, 
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revealed fluid behind the right diaphram (Fig. 21) and one year 
later all changes had disappeared except the perivascular thicken- 
ing (Fig. 22). 

Case 11: 32 WF had diffuse T wave changes, “suspicious” LE 
tests, a pericardial friction rub, inferior widening, a straight left 
cardiac border, and perivascular thickening (Fig. 23). 

Case 12: 39 WF had a pericardial tap before admission for 
frank pericardial effusion with electrocardiographic evidence of 


Fic. 19, Case 9. Fic. 20, Case 10. 


Fic. 21, Case 10, Fiq, 22, Case 10 
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pericarditis. The admission X-ray showed inferior widening, a 
straight left cardiac border, and bilateral pleuritis (Fig. 24). LE 
tests and skin biopsy were positive. 

Case 13: 38 WF had a straight left cardiac border, obliterated 
cardiophrenic angles, and bilateral Fleischner’s lines (Fig. 25) 
which were shown more clearly on the lateral just over the 
posterior portion of the diaphrams (Fig. 26). 

Case 14: 46 WF had positive LE tests, a straightened left 
cardiac border, obliteration of the left cardiophrenic angle, bi- 













Fic. 23, Case 11. 








Fic. 24, Case 12. 








Fic. 26, Case 13. 





Fic. 25, Case 13. 
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lateral pneumonitis, perivascular thickening, and Fleischner’s 
lines in the left base (Fig. 27). 


















Results 


Changes in the cardiac profile were the most frequent—oc- 


TABLE 2 


Incidence of various groups of X-ray abnormalities in the chest in patients 
with disseminated lupus erythematosus according to age distribution. The fre- 
quency distribution in each of the three systems follows the general age 
distribution; the peak age incidence is one to two decades later than in most 
other series published. In the two age groups, 30-39 and 40-49, there is only 
one case having an abnormal X-ray that did not have changes in the cardiac 
profile (Case 3). 








Total Number with Number with particular signs 
Age number positive X-rays Heart Lungs Pleura 
0-9 1 1 1 1 1 
10-19 12 6 2 5 3 
20-29 19 10 8 8 7 
30-39 19 16 16 7 8 
40-49 20 14 13 10 10 
50-59 7 7 5 6 3 
Over 60 4 4 2 3 3 
Totals 82 58 47 40 35 
Per cent of total cases 71% 57% 49% 43% 
Per cent of those with positive X-rays 80% 69% 60% 









Fic. 27, Case 14. 
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curring in 80% of those cases with abnormal X-rays and in 57% 
of the total series (Table 2). Although the least common of the 
cardiac changes was the water-bottle contour indicative of frank 
pericardial effusion, other changes that Taylor and Ostrum as- 
cribed to pericarditis without frank effusion (21) were very 
frequent (Table 3). By far the most interesting of the cardiac 


TABLE 3 


Incidence of changes in the cardiac profile in the 47 patients which had 
abnormalities of the cardiac contour 





Incidence of findings 





Of all Of all 
Number heart X-ray 
of cases changes changes 


Obliterated left cardio- 

phrenic angle 33 70% 57% 409 
Inferior widening of the 

cardiac profile 30 5 37% 
Straight left cardiac border 27 58% 7% 33% 
Generalized enlargement 20 24%, 


Water-bottle contour 5 : ‘ 6% 





changes was the alteration in the contour of the left cardiac 
border. A straightening of this border which obliterated the 
normal concavities separating the contours of the aorta, pulmo- 
nary conus. and left ventricle was found in 58% of those cases 
having any change in the cardiac profile. This abnormality be- 
comes more apparent when accompanied by an obliteration of 
the Jeft cardiophrenic angle. Cases 11 and 12 are examples of 
these changes concurrent with other evidence of pericarditis. 
These observations support the findings of Taylor and Ostrum 
(21). Less specific are the findings of generalized cardiac en- 
largement and inferior widening. However, each of these assumes 
considerably more importance when dynamic rather than static. 
The generalized enlargement could be either minimal pericardial 
effusion or dilatation due to myocarditis; the inferior widening 
is most likely caused by a small collection of pericardial fluid. 
Inferior widening is not likely due to hypertension, as there was 
no correlation between this sign and blood pressure readings over 
140/90. That generalized enlargement of the cardiac profile and 
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inferior widening can represent pericardial effusion is certain 
since they often precede or succeed overt evidence of pericardial 
fluid and/or pericarditis. 

Perivascular thickening was the most common parenchymal 
change—having been found in 65% of those having any paren- 
chymal alterations (Table 4). This sign is probably very signifi- 


TABLE 4 


Incidence of changes in the pulmonary parenchyma in the 40 patients which 


had abnormalities in the lung fields 





Incidence of findings 





Of all Of all Of 
Number lung X-ray total 
of cases changes changes series 


45% 32% 
° 70 
24 /o 17% 
19% 13% 


Perivascular thickening 26 659 
Linear atelectasis 14 35 
“Lupus pneumonitis” 11 27 


/O 
fe) 

‘0 
oa 

/0 





cant, albeit very hard to evaluate, particularly in those indi- 
viduals under 20 years of age and/or where the quality of the 
X-ray is “‘soft.” Therefore, in evaluating perivascular thickening 
objectively, these two factors have to be considered constantly. 
The two large reproductions (Figs. 5 and 6) show perivascular 
thickening of the smaller vessels and extension of the vascular 
markings into the peripheral zones. Although much contrast and 
detail has been lost due to the inferior resolution of photographic 
film compared to radiographic film, they still give a reasonable 
representation of this frequent and important sign. Perivascular 
thickening is sometimes difficult to distinguish from finely 
scattered “lupus pneumonitis” and the two may occur simul 
taneously (Fig. 2). The two other important parenchymal 
changes, linear atelectasis (Fleischner’s lines) and “lupus pneu 
monitis,” occurred less frequently than perivascular thickening 
(Table 4). 

Pleural changes were the least frequent in the total series and 
probably the least indicative of disseminated lupus erythema 
tosus. Although more than half of those with pleural findings 
had frank fluid, this was often minimal in amount and preceded 
by evidence of pleuritis for variable lengths of time before free 
fluid was manifest. Table 5 summarizes the pleural changes. 
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TABLE 5 


Incidence of changes in the pleura in the 35 patients which had 
abnormalities in the pleurae 





Incidence of findings 


Of all Of all Of 

Number pleural X-ray total 

of cases changes changes series 
Frank fluid (meniscus) 19 54% 33% 23% 
Obliterated angle 15 43% 26% 18% 
Haziness over base 12 34% 2% 15%, 

High diaphram (? infra- 

pulmonary effusion) 26% 








16% 11% 





Correlation of these various findings is interesting and reveal- 
ing. A table was constructed to match the incidence of any one 
sign to the incidence of all other signs. From this table each 
combination was selected which represented 45% or more of 
those patients having each of the two findings being compared. 
For instance, 19 patients had both a straightened left cardiac 
border and inferior widening of the cardiac profile. These 19 
patients represented 70% of all those having a straightened left 
cardiac border and 61% of all those having inferior widening of 
the cardiac profile. Similarly, each of the six combinations in 
Table 6 have a correlation of greater than 45% for each of the 
signs in each combination. These six combinations represent four 
separate signs: a straight left cardiac border, an obliterated left 
cardiophrenic angle*, inferior widening of the cardiac profile, 
and perivascular thickening. 

With these six combinations of four signs, 33 patients, repre- 
senting 57% of those with any X-ray abnormality and 40% of 
the total series, can be identified without regard to other radio- 
graphic abnormalities on the chest X-ray. These 31 patients had 
91 instances of combinations of two of these four signs, indicating 
that most patients had more than one combination. 

Cytoid bodies in the retinae are probably the most specific of 
the physical signs of disseminated lupus erythematosus. Although 
it has not been customary to examine all suspected cases care- 
fully for cytoid bodies, it is the opinion of the authors that this 
procedure could be an important adjunct to the evaluation of 


* The left cardiophrenic angle was obliterated in every case where the 
right angle was also obliterated. 
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TABLE 6 


Number of cases and incidence of each of the six combinations in which each 
sign represented more than 45% of all the cases exhibiting 
that particular sign 





Incidence of findings 





Number Of all Of 


Combination of cases X-ray changes total series 


Straight left border and 

inferior widening 19 33% 
Obliterated left cardiophrenic angle 

and inferior widening 16 28% 
Obliterated left cardiophrenic angle 

and straight left border 15 
Straight left border and 

perivascular thickening 14 
Inferior widening and 

perivascular thickening 14 
Obliterated left cardiophrenic angle 

and perivascular thickening 13 





Total number of combinations: 91 instances in 33 patients representing 57°, of the 
any type of X-ray change and 40% of the total series. 


disseminated lupus erythematosus, especially when the LE tests 
are negative. 


Summary 


1. Neither diagnostic nor pathognomonic findings were ob- 
served. However, pleural, cardiac, and parenchymal changes 
are common in disseminated lupus erythematosus. 

2. Any combination of two of four signs can be taken as major 
radiographic evidence to support a clinical suspicion of dissemi- 
nated lupus erythematosus. These four signs are: 

a. a straight left cardiac border 

b. an obliterated left cardiophrenic angle 
c. inferior widening of the cardiac profile 
d. perivascular thickening. 

3. The remaining changes can be considered as minor support- 
ing signs. They are: 

a. generalized cardiac enlargement 
b. frank pericardial effusion 

c. frank pleural effusion 

d. pleuritis 
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e. linear atelectasis (Fleischner’s lines) 
f. “lupus pneumonitis.” 

4. These major and minor criteria should be evaluated in the 
light of the patient’s clinical history and physical findings, and 
do not represent radiographic signs of pathognomonic signifi- 
cance. If, after careful clinical evaluation, there is a suspicion of 
lupus erythematosus, these signs may help in deciding whether 
or not disseminated disease is present, and may occasionally be 
the earliest indication of disseminated involvement. 
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AN INVESTIGATION OF INTRINSIC SITES OF 
DEMINERALIZATION IN BONE: A 
MICRORADIOGRAPHIC STUDY? 


GEorGE P. VoseE? 


Changes in the mineral content of bone may occur in nu- 
merous pathological and nutritional disturbances—often to such 
a marked extent that it is apparent upon visual inspection of the 
radiograph. In certain metabolic diseases, such as osteoporosis and 
osteomalacia, the decreased mineral content is reflected by a high 
degree of bone radiolucency. In osteopetrotic bone, on the other 
hand, the increased mass of absorbing material results in a 
marked X-ray attenuation by the bone. Chronic nutritional de- 
ficiencies may also be reflected by changes in bone mineral 
content. 

While gross changes in mineralization can be diagnosed by 
visual inspection of the radiograph, the method lacks objectivity. 
Small changes of only a few percentage values, however, can be 
determined without biopsy by densitometric measurements or 
analytical determinations of emulsion silver. Mack (8, 9, 10) was 
an early investigator in the field of bone density measurements. 
and similar in vivo techniques for the evaluation of bone density 
from radiographs have been used by other investigators (1. 2. 
6. 7. 11. 13. 14, 15, 16, 22, 23). Methods have been described for 
measuring bone density by chemical quantitative analysis of 
emulsion silver, (17) and by use of a collimated polychromatic 
X-ray beam (12. 18, 19) and a gamma source utilizing Iridium- 
192 (6). In addition to these in vivo techniques we have used 
monochromatic K-capture radiation of Iron-55 to measure the 
mineral content of semimicro amounts of bone in solution (20). 

Unfortunately the intrinsic sites of mineral loss and gain are 
masked upon the radiograph by the complexly superimposed 
images of innumerable structures within the bone. The optical 


* Supported in part by Grant No. A-2641 from the National Institute of 
Arthritis and Metabolic Diseases. The National Institutes of Health. U. S. 
Public Health Service. Submitted for publication March 20, 1961. 

» From the Nelda Childers Stark Laboratory for Human Nutrition Re- 
search, Texas Woman’s University. Denton, Texas. 
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density of the radiographic image is representative of the mass 
of absorbing material without regard to its location within the 
bone, and since bone is a nonhomogeneous substance with vari- 
able concentrations of mineral and matrix components, neither 
the physical density of the bone nor its radiographic density is 
directly related to its mineral content. Our investigations of senile 
osteoporotic bone, for example, have shown that the atrophied 
cortex in osteoporosis has a high mineral concentration in spite of 
its overall thinness (21). Hence the mineral concentration in 
small areas of a bone may be abnormally high even though the 
mineral content of the entire bone may be low on a weight-per 
cent basis. 

Although the microscopic sites of initial changes in bone min- 
eralization are not clearly known, demineralization of cortical 
bone appears to follow one of two patterns: (a) as a generalized, 
evenly distributed condition in Haversian or extra-Haversian 
bone, and (b) in localized “pockets” in both Haversian and extra- 
Haversian bone. It must be pointed out that osteoporosis is an 
atrophic condition, and the accompanying decrease in bone mass 
is not “demineralization”’ in its true sense. 

In the search for the intrinsic sites of initial occurrence of de- 
mineralization under various pathological conditions it is of par- 
ticular interest to study a bone affection known as “feathering” 
which has been described by Frost (4, 5). The condition is char- 
acterized by the presence of an irregular distribution of mineral 
in various quadrants of the Haversian systems, and occasionally 
in extra-Haversian bone. The affection is readily discernible in 
basic fuchsin stained sections of undecalcified bone which is nor- 
mally impervious to the stain although it is drawn into the la- 
cunae, canaliculae, and the Haversian and Volkman canals. In- 
completely mineralized bone, on the other hand, has an affinity 
to fuchsin stain which increases in accordance with the degree 
of demineralization. Feathered bone appears to be incompletely 
mineralized since it stains diffusely with fuchsin, while adjacent, 


normally mineralized bone absorbs but little of the stain (4,5). 

Feathered bone has been studied in the present investigation 
using both basic fuchsin stained sections and microradiographs 
in order to determine quantitatively the degree of demineraliza 
tion in feathered osteones. 
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Materials and Methods 


Approximately 20 sections of undecalcified bone removed from the femur 
cortex of 12 individuals were ground to a thickness of 20 to 35 microns and 
microradiographed at 4 KV. 2 MA, and 6 minutes using a Philips CMR-5 
Contact Microradiographic Unit and Type 649-0 film. Ilford formula 36 
developer was used with standard processing techniques. 

Following microradiography the sections were stained for 48 hours in 
1% basic fuchsin in 40% ethanol using Frost’s technique (3). Next, the 
sections were ground lightly between glasses covered with No. 400A silicon 
carbide abrasive paper to remove obscuring surface stain. The stained sections 
were viewed in an optical microscope to determine the sites of feathering, 
as indicated by diffuse stain retention, prior to densitometric analysis. 

Densitometric Determinations. In measuring the X-ray absorbency of 
feathered bone from the microradiographs,. a step wedge was constructed of 
aluminized Mylar with each step having a thickness of 1.8 mg/cm?. The 
overall length of the wedge was 2.5mm. with a maximum thickness of 135 
microns. This was microradiographed using the same exposure and process- 
ing conditions that were used with the bone section. As described in an earlier 
publication. (10) the inherent nonlinearity of the sensimetric curve will 
result in a nonlinear displacement of the individual steps when the wedge 
is scanned in a microphotometer, and nonlinearity is also present in the 
bone scan. The instrument used in the present work is capable of automatic 
correction for film nonlinearity so that the area under the bone scan is in 
direct proportion to x-ray absorbance by the bone section. With a scanning 
aperture of 0.25 mm. and a film velocity of 0.1 mm/min, the resolving power 
of the instrument is approximately ten microns. 

Normal Haversian bone and Haversian bone which had areas of apparent 
feathering as indicated by its affinity for basic fuchsin, were scanned in the 
modified Knorr-Albers micro-densitometer. Immediately thereafter the alumi- 
nized Mylar step wedge was scanned at the same exciter voltage. Since the 
step representation was brought to linearity, a direct interpolation could be 
made between the recorder deflection of the feathered bone image and that of 
the step wedge. Final readings are in terms of the x-ray aluminum 


equivalency in milligrams per micron of bone thickness. 


Observations 


Of the 12 femurs examined, nine showed evidence of varying 
degrees of feathering as indicated by fuchsin permeability. Micro- 
radiographs made prior to the staining process indicated that the 
feathered areas had a conspicuously lower radiopacity than ad- 
jacent nonfeathered extra-Haversian bone. Hence microradi- 
ography can provide a means for diagnosing bone feathering, and 
it also makes quantitative analysis possible through densitometric 
evaluation of the films. 

The lower photograph in Figure 1 illustrates that newly formed 
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Fic. 1. Photomicrograph (upper) of fuschin stained cortical bone showing 
feathered areas (A and B), and microradiograph (lower) of same section. 


Haversian bone is less dense than the surrounding extra-Haver 
sian bone as shown by its lower X-ray absorbency. The figure 
also indicates that feathered Haversian bone is less dense than 
nonfeathered Haversian bones (sites A and B). For comparative 
purposes a photomicrograph of the same section is shown after 
being stained with basic fuchsin, and the same feathered areas 
are indicated by the dark, diffused patches as a result of absorbed 
stain. The areas are somewhat more poorly defined in the stained 
section than in the microradiograph, 

Since the X-ray absorption at 4 KV is, for all practical pur 
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poses, accountable only to the mineral fraction of bone, then the 
darker X-ray image of feathered bone indicates a decreased min- 
eral content. Table 1 gives the average aluminum equivalency 


TABLE 1 


Aluminum equivalency per micron of bone thickness of feathered and 
nonfeathered Haversian bone, and per cent mineral 
deficiency in feathered bone 





Aluminum equivalency per 

micron of bone (mg/cm? Mineral deficiency 

—- in feathered 
Bone Nonfeathered Feathered Haversian bone 

number Haversian bone Haversian bone per cent 





1 371 28.6 
2 j 395 6.6 
3 + 416 5.4 
+ 
=) 





226 50.9 
326 j 212 
346 18.4 
359 13.6 
.249 41.5 
212 53.0 
Average : .322 26.6 





for both feathered and nonfeathered Haversian bone, and indi- 
cates that feathering may account for mineral losses of as much 
as 53 per cent in certain quadrants of the Haversian system. The 
average mineral loss in the feathered areas of the nine bones 
examined was 26.6 per cent, with a total variation between 5.4 
and 53.0 per cent according to the severity of the affection. 

The etiology of feathered bone is not clearly understood. It may 
represent either a partial demineralization of originally normal 
bone, or a delay in mineralization of forming bone. Either case 
will result in an effective decrease in total bone mineral. Three 
of the bones in the present study—bones 1—3 of Table 1—exhib- 
ited osteoporotic symptoms, but no significant differences were 
noted in the extent of feathered Haversian systems in osteoporotic 
and normal femurs. Further work will be required, using both 
pathologic and normal bone material of varied age groups, to de- 
termine the relationship of feathering to gross changes in bone 
density. 
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Summary 






In an investigation of the intrinsic sites of mineral loss in bone, 
an affection known as “feathering” was studied microradio- 
graphically. Densitometric measurements of partially or wholly 
feathered Haversian systems indicated that the mineral content 
of feathered bone may be as low as 53 per cent that of normal 
Haversian bone. 
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STABILIZATION OF POLIOVIRUS BY CATIONS* 
Craig WALLIS AND JosEPH L. MELNICK 


Viruses are rapidly inactivated by heat (28, 1, 12, 29, 13). 
although partial stabilization has been reported by addition of 
broth (1, 19), serum (19, 14), milk and cream (9, 10, 2), and 
L-cystine (20). Thirty years ago Burnet and McKie (5) reported 
that monovalent cations enhanced the inactivation of bacterio- 
phage by heat and that the addition of low concentrations of 
divalent cations partially prevented this inactivation. For ex- 
ample. in the presence of 0.0005 M NaCl, heating for one hour 
at 60° C. inactivated 70% of the bacteriophage. Raising the NaC] 
concentration to 0.15 M increased the inactivation to over 99% 
under the same thermal conditions. When CaCl, (or MgCl, or 
BaCl,) was added at 0.002 to 0.01 M, it protected against the 
thermal-enhancing effect of the 0.15 M NaCl. However. at a 
higher concentration than 0.15 M the divalent cations themselves 
enhanced the inactivation of the bacteriophage at 60° C. Lark 
and Adams (12) reported stabilizing effects on bacteriophage of 
Mg ions at 0.000001 M and of Na ions 0.1 M. They suggested 
that a dissociable complex was formed by the ions and vulnerable 
sites on the phage particles, the complex being more heat resistant 
than the cation-free site. Adams (1) showed that bacteriophage 
could be stabilized at 37° C. for 2448 hours with 0.001 M con- 
centrations of many cations (Ba, Ca, Sr, Mg, Mn, Co, Ni, Zn, Cd 
and Cu). Allisbaugh (3) reported that hypertonic NaCl, KCl, or 
NH,Cl in high concentration (5 to 40%) stabilized smallpox 
virus to the extent that the virus remains viable about twice as 
long at 5° C. as virus suspended in glycerinated diluent. 

When present in high concentrations, monovalent and di 
valent cations appear to stabilize infectious ribonucleic acid 
(RNA) of certain viruses against heat. Norman and Veomett 
(18) reported that raising the molarity of NaCl from 0.12 M to 
1.2 M resulted in a twofold increase of survival at 60° C. of RNA 
from poliovirus. When seeded on susceptible cells in the presence 
of high concentrations of salt (1M NaCl or 2M MgSO,) the in 


* From the Department of Virology and Epidemiology, Baylor University 
College of Medicine, Houston, Texas. 
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fectivity of polio RNA is increased (11, 7). However, this in- 
crease appears to be based on increased cellular permeability to 
RNA rather than on thermal stabilization of the virus, for after 
a few minutes of contact with susceptible cells, the salts must be 
washed from them; otherwise the cytotoxic action of the salts 
become irreversible. At the time of our work, no stabilizing agent 
had been described to our knowledge that would completely pro- 
tect a virus, at any given temperature from 0° to 50° C., when 
maintained at that temperature for a sufficient period of time 
during which control virus without stabilizer would become at 
least 99 per cent inactivated. 

This report is concerned with cationic protection, whereby 
virtually the entire population of infectious poliovirus particles 
is stabilized at 50° C. for 1-2 hours, at 37° C. for at least 3 days, 
at room temperature (25°-28° C.) for at least 25 days, and for 
much longer periods at lower temperatures. 


Materials and Methods 


Monkey kidney (MK) cells—Kidneys from immature rhesus monkeys 
were trypsinized, grown, and maintained in Melnick’s medium as described 
in detail elsewhere (15, 24). 

Viruses.—Virulent strains were plaque purified lines of poliovirus type 1 
(Mahoney), type 2 (MEF,) and type 3 (P24). Attenuated strains were 
those used in the oral poliovaccine (Sabin), and used after one MK passage 
at this laboratory. They were grown in MK cells maintained in Melnick’s 
medium without serum. Virus harvests were centrifuged to remove cell debris. 

Virus assays.—All virus titrations were carried out by determination of 
plaque-forming units (PFU), using the bottle technique (8). Medium for 
overlay consisted of Earle’s salt solution, 0.1% skim milk, 0.4% NaHCo., 
0.0017%, neutral red, in a final concentration of 1.5% agar. MgCl, at a con- 
centration of 25 mM was incorporated into the agar to expedite plaque 
counting (25). 

Heating Methods.—Virus containing tissue culture fluids were diluted 
tenfold in 0.5% lactalbumin enzymatic hydrolsate in Earle’s salt solution 
(M-E), and then mixed with an equal volume of the salt or diluent under 
test. Before it was mixed with virus, the salt was at twice the final concentra- 
tion desired. 

Aliquots to be heated were delivered directly to the bottom of tubes in 
0.3 ml amounts, and the top of each tube was flamed thoroughly to sterilize 
at least one inch of the uppermost surface of the tube. (All test tubes used 
were uniform in size and thickness, measuring 13 * 100 mm, with an 0.8 mm 
wall.) The tube was then rubber stoppered and plunged into the water bath, 
at a depth sufficient to cover the tube to within 14-inch of the stopper. At the 
end of the heating period, the tubes were quickly transferred into an ice-water 
bath. Additional methods are described in the text. 
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Results 


Stabilization of Poliovirus by Cations at Different Tempera- 
tures—The three attenuated strains used in the vaccine and the 
three virulent prototype strains could all be protected from ther- 
mal inactivation. Since, as shown in Table 1, the attenuated and 


TABLE 1 


Log ,, virus inactivated at 50° C. 





Attenuated poliovirus Virulent pol liovirus 





Final Heating — -—- — —_—- 
concentration period Type 1 Type 2 2 Type ¥ ” ‘Type 1 Type 2 4 Type 3 
of salt in hours 1X 107 3 x 108% 1X 107 3x 10 1 x g 
(Titers of unheated virus stocks are e given in the line ae ve as PF U 
1M 1 0.0 0.0 0.0 0.0 0.0 0.0 
MgCl, 4 0.4 0.3 1.4 0.4 1.1 0.8 
16 1.2 1.3 3.3 1.5 3.1 3.2 
1M ! 0.0 0.0 _ 
CaCl, 4 0.7 0.7 1.6 0.5 1.1 1.0 
16 1.6 1.5 3.8 1.8 3.5 3.5 
2M 0.4 0.2 
NaCl 4 1.8 2.8 3.0 2.0 1.5 1.2 
16 >4.0 >4.0 4.0 3.0 >4.0 >+.0 
1.0M ZnSO, 1 0.8 15 1.0 2.0 1.1 2.0 
0.5MCuSO, 1 >38 >30 >30 >30 >30 >30 
10M MnSO, 1 0.6 0.5 
10MCoCl, 1 0.1 
4 0.4 
HO 1 >4.0 >+.0 >4.0 25 3.5 1.4 
H,0O + >4.0 >40 >4.0 >40 >40 3.0 





virulent strains behaved similarly with the various cations used, 
only the data for type 1 attenuated strain will be cited in further 
detail throughout this report. 


Fig. 1 illustrates heating experiments at 50°C. with 10° 
PFU/ml of type 1 attenuated virus with 1M Mgt+, CA++, 
Zn++, Mn++, Cot+, K+, 2M Nat and 0.5 MCutt, At the 


molarity and. cortain salts caused pH changes with the virus 
stock sometimes falling to pH 3.8, Since Mg++ was used as an 
index of the sparing effect of cations upon the virus, aliquots of 
the magnesium-virus mixtures were adjusted with HCl to pH 
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Fic. 1. Stabilization at 50° C. of attenuated type 1 poliovirus, 107 PFU/ml. 
heated in final salt concentrations shown in figure. MgSO, provided the same 
degree of stabilization as MgCl. 


levels of 3.8, 4.5, 5.5, 5.7, and 7.0. At all these pH levels, Mg** 
(added as MgCl, or MgSo,) afforded complete protection to the 
virus for 1 hour at 50° C. The only cation that failed to show 
significant sparing effects was Cut * 

With Mg**, Ca**, K*, and Na? the virus-salt mixtures at 
the concentrations indicated in the above paragraph could be 
seeded on MK cells after a tenfold dilution was made, since this 
brought them beyond the cytotoxic levels of the salts. Because 
Cu**, Zn**, Co**, and Mn*+* were more toxic to the cells, 
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virus-salt mixtures with these cations had to be diluted one- 
thousandfold before the mixture could be assayed for virus. 

When mixed with an equal volume of virus contained in M-E 
medium, 2M Catt, Zn++, or Mn++ caused a precipitate to 
form. Our tests for virus in the supernatant fluids or in the re- 
suspended precipitates showed that the major portion of the in- 
fective virus population was sedimented with the precipitate. 
Grossowicz et al (6) have already reported the use of Ca**. 
Co+*, Mn*+*, and Ba++ for the concentration of polioviruses. 
However, we failed to observe a precipitate when 2M Mg** 
was mixed with the virus, and even centrifugation of the MgCl.- 
virus mixture failed to sediment any virus. 

Fig. 2 shows the results of an experiment where the three types 


Types 1,2 and 3 with Mg ** 
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Fic. 2. Stabilization of attenuated polioviruses by molar Mg** at room 
temperature. 
of attenuated poliovirus (types 1 and 3 at 10° PFU/ml, and type 
2 at 10°° PFU/ml) in a final concentration of 1 M Mgt* were 
stored at room temperature, 25—28° C. The viruses held in the 
MgCl, solution showed no loss in infectivity even after 25 days of 
storage, whereas the controls without added MgCl, lost between 
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40 and 70 per cent of activity by the 11th day, and between 75 
and 90 per cent by the 25th day. By the 34th day the Mg-virus 
aliquots showed 50 per cent inactivation as compared to 97 and 
99 per cent in the control. Stabilization of the virus by M Mg++ 
at 37° C. is evidenced by the data shown in Fig. 3. 
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Fic. 3. Effect of Mg** concentration on stability of attenuated type 1! 
poliovirus at 37° C. 

A duplicate series placed at 4° C., and tested after 90 days of 
storage, showed no loss in virus infectivity in the Mg-virus 
samples. However, types 1. 2, and 3 attenuated viruses stored 
without added Mg ions lost over 75 per cent of their infectivity 
(see Fig. 4). 

The Effect of Different Concentrations of Mg* + .—Results of 
a typical experiment with virus at 107 PFU/ml but with varying 
concentrations of MgCl, (or MgSO,) held at 50°C. for 60 
minutes are shown in Fig. 5. The optimum sparing effect was 
reached at 0.5 M. With a twofold reduction of Mg++ to 0.25 M. 
ther was a tenfold loss of infectivity. With a further serial two- 
fold decrease of Mg*+* to 0.125 M, there was a thousandfold 
destruction of virus. 

Immediately after mixing, aliquots of the Mg-virus mixtures 
used in the experiment described above were placed in a 37° C. 
incubator, and samples were tested at longer intervals. Fig. 4 
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Fic. +. Stabilization of attenuated polioviruses by molar Mg** at +° C 
illustrates the stabilizing effect of Mg*+* at various concentra- 
tions after prolonged storage of the virus at 37° C. After 24 hours, 
the virus stored at 37° C. in high concentrations of MgCl, showed 
no loss in titer, as compared to the control stored in H,O, in which 
50% of the virus population was inactivated, After three days at 
37° C., the virus showed no loss of infectivity in 1 M Mg**, but 
there was increasing inactivation as virus was stored in Mg* * 
concentrations below this molarity. The control (without ad 
ditional Mg++) showed 99% of the virus inactivated. 

Sparing Effect of Mg*t* on Dilute Suspensions of Virus. 
Type 1 attenuated virus was diluted in M-E medium to contain 
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Fic. 5. Effect of Mg** concentration on stability of type 1 poliovirus at 
50° C. 





100 


10°, 10*, 10°, and 10* PFU/ml in 1 M MgCl.,. These tubes and a 
duplicate series without added Mg** were heated for 1 hour at 
50° C. All Mg-virus samples survived the heating without any 
loss of infectivity, while the series without added Mg** showed 
complete inactivation. The dose of virus selected for use in oral 
poliovirus vaccine is from 10°” to 10°" PFU/ml. Thus, attenu- 
ated virus at the dilutions used, or suggested for use, in the vac- 
cine is completely protected against thermal inactivation at 
50° C, for 1 hour. 

With the use of decreasing concentrations of Mg*+* (from 
2M to 0.06 M in twofold dilutions), the inactivation curves for 
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virus at 10’ and 10* PFU/ml at 50° C. for 1 hour were parallel. 
The inactivation curves for the high 10’ concentration of virus, 
already presented in Fig. 5, represent the results for the low 10* 
concentration as well. Thus there are no natural products (pro- 
teins or other substances) from the infected cell cultures which 
play a role in protection afforded by Mg ions. If they existed. 
such natural stabilizers would be present at higher concentration 
in the more concentrated virus suspension, which would then be 
more readily stabilized by the added MgCl.. However, no differ- 
ences were found. 

Effect of Mg++ at Temperatures above 50° C.—Although 
1M Mg** stabilized polioviruses at 50° C., the same did not 
hold true for higher temperatures. Virus (10° PFU/ml in M 
Mg**) was placed in a 50° C. water bath for 5 minutes, and 
then immediately transferred to a 55° C. (or 60° C.) bath for an 
additional 5 minutes. Thermal inactivation was stopped by 
plunging the tubes into an ice-water bath. Heating for 5 minutes 
at 55° C. resulted in a loss of 90 per cent of virus, and at 60° C., 
99.9 per cent. Control virus was completely inactivated after 5 
minutes at 55° C. (see Table 2). 


TABLE 2 


Effect of Mg ions on thermal stability of type 1 attenuated 
poliovirus (107 PFU/ml) 





Log,, Virus inactivated (PFU/ml) after 5 minutes 


Temperature 1 M Me** H,O 


50° C. 0 4.3 
55° C. 1 >5.0 
60° C. 3 

65° C. >5.0 





Prolonged Heating of Type 1 Attenuated Virus at 50° C. 
Virus (107 PFU/ml) in M MgCl, was heated at 50° C., and 
control virus without added MgCl, was heated at the same tem 
perature. Samples were obtained at 24 hours, and for 5 additional 
days thereafter, and assayed by plaque counting, At 24 hours 
(see Fig. 6), 1 log of virus was inactivated in the M MgCl, series; 
at 2 days, 2.6 logs; at 3 days, 3.8 logs; at 4 days, 4.2 logs; at 5 
days, 4.4 logs; and at 6 days no infectivity could be detected. 
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Fic. 6. Inactivation of type 1 virus at 50° C. over a 6 day period. 


With the attenuated vaccine strains, no detectable virus was 
present in the control without added MgCl, after heating for 
one hour. 

Comparison of Standard Diluents and Mgt* as Stabilizing 
Agents for Attenuated Poliovirus at 50° C.—Since high concen- 
trations of Mg*+* exhibited a remarkable sparing effect on type 
1 poliovirus at 50° C., the protective effect of this ion was com- 
pared with that exerted by some commonly used stabilizing 
agents. As shown in Fig. 7, at 50° C. for 1 hour, nutrient broth, 
skim milk, and bovine albumin protected only about one of every 
1000 PFU from inactivation, whereas 1 M Mg** protected the 
entire viral population. 

Comparison of L-Cystine and Mg** as Stabilizing Agents for 
Type 1 Attenuated Poliovirus at 50° C.—Pohjanpelto(20) has 
reported that if a heat-sensitive strain of poliovirus is pretreated 
with 50ug/ml L-cystine at 37° C. for 6 hours, and then heated 
at 50° C. for 1 hour, 80% of the virus may be inactivated, while 
in the absence of cystine over 99.9% of the virus is killed. We 
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Fic. 7. Comparison of standard diluents and Mg” as stabilizing agents for 
attenuated poliovirus at 50° C. Type 1 virus (107 PFU/ml) in M Mg”, B.A. 
=10% crystalline bovine albumin (Armour); N.B. nutrient broth 
(Difco); S.M. = 50% skim milk (Pet); control in distilled water 
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compared L-cystine and MgCl, as thermal stabilizing agents. The 
type 1 LSc attenuated poliovirus used in these experiments is a 
heat-sensitive strain. 

Aliquots of virus (at 10’ PFU/ml) in 1 M Mg**, 50 ug L- 
cystine/ml, and a control without any additives were placed at 
37° C. for 6 hours. A second control of untreated virus was im- 
mediately frozen for reference. At the end of 6 hours at 37° C., 
the tubes were placed at 50° C., and aliquots were obtained at 
intervals of 15, 30, 60, and 120 minutes. The results, illustrated 
in Fig. 8 show that about 95% of the virus in the cystine aliquot 
Was inactivated after 60 minutes at 50° C., and over 99.9% at 
120 minutes, as contrasted to no loss of virus infectivity in the 
Mg** aliquot even after 2 hours’ exposure to 50° C. Similar 
observations were made using virulent type 1 (Mahoney) virus. 

The Effect of Different Concentrations of Na+ and K+ .—At 
final concentration of 2 M Na* or 1M K+, no inactivation of 
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Fic. 8. Comparison of M Mg* and L-cystine as stabilizing agents for 
type 1 attenuated virus. 
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virus (type 1 attenuated) was detectable after 30 minutes at 
50° C., but with twofold decreasing concentrations of these mono- 
valent salts, inactivation became progressively more pronounced, 
as shown in Fig. 9, left. 

However, aliquots of the same monovalent salt-virus mixtures 
placed at 37° C. for a period of 6 days showed opposite effects 
(see Fig. 9, right). At 37° C. the virus survived to a much greater 
extent in dilute saline or even in water than it did in 2 M NaCl. 
After 6 days in 2M NaCl, less than 0.001% of the virus re- 
mained, as compared to 1% in H,0 or dilute salt concentrations 
(0.06 M). Tests with KC] at 1 M or less yielded the same results 
as for NaCl. 

Thus, although Mgt+ and Nat** in high concentrations 
spared type 1 poliovirus at 50° C. for 30 minutes, the cations had 
opposite effects at 37° C. At the lower temperature, M Mg** 
was still protective, but 2 M Nat was actually destructive. That 
inactivation of virus at 50° C. proceeds differently from that at 
37° C. has already been suggested by Youngner (29). 

“Dissociation” of the Stabilized Magnesium-Virus Mixture by 
Dilution —Type 1 attenuated poliovirus at 10’ PFU/MI in M 
MgCl, was incubated for 30 minutes at 25° C. A control virus 
suspension without MgCl, was incubated under the same con- 
ditions. Both samples were then diluted 100-fold, and heated at 
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Fic. 9. Stabilization of poliovirus (type 1 attentuated) by high concen 
trations of NaCl at 50° C. but inactivation at 37° C. The thicker the line, the 
higher the molarity of NaCl. 
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50° C. for 5 minutes. The rates of inactivation were similar in 
both cases, yielding the values expected for heating in water 
alone, with over 99% of the virus being inactivated. Thus. no 
thermal sparing effect was exhibited by virus which had received 
prior incubation with M MgCl, at low temperatures. 

Experiments with Mg** Protected Survivors.—Heating of 
type 1 attenuated polioviruses (107 PFU/ml) at 50°C. for 16 
hours in Mg*~* inactivated only 1.5 log,, of virus. Survivors of 
such prolonged heating were passed in MK cells, and at the same 
time control virus, which had not been exposed to heat, was 
passed. The resultant virus harvest at 10°-* PFU/ml was tested 
for resistance to heating at 50° C. in the presence and in the 
absence of M MgCl,. The rates of inactivation were similar with 
both viruses. Thus no unusual, heat-resistant progeny were pro- 
duced by heating in the presence of MgCl.. 

Identification of Heat-Resistant Survivors as Intact Virus 
Particles and Not Infectious RNA.—Survivors of heating for 16 
hours at 50° C. in 1 M Mg** were mixed with equal volumes of 
(a) RNAase, (b) type 1 antiserum (inactivated at 60° C. for 2 
hours), and (c) water. These aliquots were tested for virus. No 
plaques were evident in the sample containing type-specific 
serum. The other two samples had the same PFU counts. There- 
fore. only whole virus, capable of reaction with specific anti- 
serum, was present among the survivors, and no viral nucleic 
acid free of its protein capsid was detectable. 

Genetic Stability of Virus Stored or Heated with M MgCl..— 
Attenuated viruses (types 1. 2, and 3) were stored for 3 weeks at 
room temperature in M MgC\l., or heated in M MgCl, at 50° C. 
for 90 minutes, and no loss in viral titer was observed. The 
viruses were then tested for d and T markers, and for intracere- 
bral neurovirulence in monkeys. In all of these marker tests, the 
Mg-treated viruses after storage or heating behaved as do the 
original vaccine strains (4, 22, 17.16). 


Discussion 
Our findings reported herein show that cations in general pro- 
tect polioviruses from thermal inactivation. The most advanta- 
geous ion studied was Mg* *, which was used as MgCl. or MgSO,. 
In addition to its high stabilizing properties, Mgt + at one molar 
concentration showed the least cytotoxicity of any of the cations 
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studied. It had the further advantage of not producing sediments 
in poliovirus suspensions. The degree of protection of oral polio- 
virus vaccine by M MgCl, is remarkable; the strains in the vac- 
cine are completely protected for at least 2 hours at 50° C., for 
at least 3 days at 37° C., for at least 25 days at room temperature, 
and for at least 3 months at 4° C. 

Our results with other viruses show that the Mg ions also pro- 
tect other RNA-containing viruses from thermal inactivation, 
but enhances the heat inactivation of DNA-containing viruses 
(26). 

Pollard (21) has suggested that heating a virus may bring 
about basic structural alterations of the particle due to the differ- 
ential expansion of the various parts of the virus under the action 
of heat. This change, he states, might well disrupt the spatial 
relationships that are necessary to retain the structural integrity 
of the virus. It may well be that cations in high molar concen- 
tration permeate the virus particle and reinforce the structure 
during heat stress. 

The use of M MgCl, as a stabilizing agent for poliovirus has 
manifold advantages. Of immediate value is the fact that Mg* + 
in molar concentration can be used to protect live poliovirus vac- 
cines in their commercial use in the field or in storage in the 
ordinary refrigerator for prolonged periods of time. Mg ions 
(1M) can be incorporated into the final dosage form, or the 
concentrated vaccine can be preserved.with M Mg** and diluted 
as needed. There are no contraindications to the use of Mg** 
in the amounts required (1 ml of M Mgt * or less) for stabilizing 
an individual dose. MgCl, at molar concentration is inhibitory 
(and considerably bacteriocidal) to most forms of bacterial and 
fungal life (27), and additional preservatives may not be neces- 
sary during storage of the virus, or at transit temperatures. 

Another area where high cation concentrations might be of 
value is in the preservation of poliovirus during its inactivation 
by formalin. The present production process for killed poliomnye- 
litis vaccine is to incubate virus plus dilute formalin at 37° C. 
for many days (23). Therefore a considerable amount of virus 
inactivation takes place by heat (see Fig. 3 for heat inactivation 
of poliovirus at 37° C.). Thus only a fraction of the virus is in- 
activated by the formalin. In the presence of high concentrations 
of salts as shown in the present study, the virus should be in 
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activated by formalin alone, and the resultant vaccine should be 
of higher potency. The salt will have to be removed but it is a 
simple matter to remove the excess salt by dialysis; or the in- 
activated virus vaccine can be removed from the reaction mixture 
containing the salts. 


Summary 


The use of high concentrations (one molar) of divalent cations 
is described as a means of stabilizing poliovirus. Mg++ in molar 
concentration protects poliovirus at 50° C. for 1-2 hours, with 
only gradual loss of infectivity over the next 24 hours. Molar 
Mg** protects poliovirus at room temperature (25° C.) for 25 
days, and at 37° C. for over 3 days, without any detectable loss 
of infectivity. M Mg spares poliovirus for at least 90 days at 4° C. 
without any loss of infectivity. 

NaC] at 1 or 2 molar concentration protects poliovirus at 50° C. 
for shorter periods (30-60 minutes), but at 37° C. it enhances 
viral inactivation. 

The advantages of molar Mg** as a stabilizing agent for polio- 
virus are many. MgCl, can protect live poliovirus from thermal 
inactivation in its field use and in storage. MgCl, can preserve 
the vaccine in its final dosage form or in concentrates to be 
diluted as needed. Molar MgCl, is inhibitory to bacterial and 
fungal life, and thus the addition of preservatives may not be 
necessary during storage or shipment of poliovirus. The use of 
bulky and expensive refrigerants is no longer needed in shipping 
poliovirus vaccines (even overseas), and no special attention 
need be paid to temperatures prevailing while vaccine is in 
transit in ordinary mail. Molar Mg** should also be useful in 
preparation of killed poliomyelitis vaccines of higher potency. 
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CATIONIC INACTIVATION OF VACUOLATING VIRUS 
(SV,,) IN POLIOVIRUS SUSPENSIONS* 


Craic WALLIS AND JosEPH L. MELNICK 


Introduction 


Virus for vaccines is usually grown in primary cell cultures 
(for example, poliovirus in monkey kidney cultures). In the 
process, viruses present as spontaneous contaminants of the cell 
cultures are inadvertently incorporated into the virus harvests 
from which the vaccine is prepared. In the case of oral, live 
poliovirus vaccine, the contaminating virus may be carried along 
with the vaccine virus and find its way into the final vaccine. 
Thus many lots of live poliovirus vaccine, particularly those pre- 
pared from rhesus monkey (Macaca mulatta) kidney cultures 
have contained relatively high concentrations of vacuolating 
virus (4) (as high as 10° TCD,, per ml of vaccine). Vacuolating 
virus is more resistant to treatment with formalin than the polio- 
virus (1) and has been found as a live contaminant of Salk-type 
vaccines also. 

In an accompanying report (6) we described the stabilization 
of poliovirus with divalent cations. The present paper is con- 
cerned with the inactivation of extraneous vacuolating virus 
(SV,,) from poliovirus vaccine by the use of high ionic concen- 
trations of divalent cations. Such salt solutions which stabilize 
poliovirus at 50° C. for 1 hour were found to inactivate the vacu- 
olating virus within a few minutes at the same temperature. 


Materials and Methods 


Monkey kidney (MK ) cells. Kidneys from immature rhesus monkeys were 
trypsinized, grown, and maintained in Melnick’s medium as described in 
detail elsewhere (2, 5). Kidney cultures from young African green (grivet) 
monkeys, Cercopithecus aethiops sabaeus, were also prepared in the same 
manner. 

Viruses. The strain of vacuolating virus (SV,,), was isolated from Sabin’s 
original large lot of oral poliovaccine (3), and was maintained by passage in 
African green monkey kidney cultures. Type 1 attenuated poliovirus was the 
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LSc strain used in the oral poliovaccine (Sabin), passed once in MK cultures 
in this laboratory. 

Virus assays. All virus titrations were carried out by determination of 
plaque-forming units (PFU), using the bottle technique. 

Medium for overlay for SV ,, consisted of Earle’s salt solution, 0.1% bovine 
albumin, 0.1% yeastolate (Difco), 0.4% NaHCoO,, in a final concentration 
of 1.5% agar. A second overlay at 10 days was made consisting of the same 
ingredients and incorporating 1:30,000 neutral red. Overlay for poliovirus 
has been described elsewhere (6). 

Heating methods. Tissue culture fluids containing virus were mixed with 
an equal volume of the salt or diluent under test. Before it was mixed with 
virus, the salt was at twice the final concentration desired. 

Aliquots to be heated were delivered directly to the bottom of tubes, and 
the top of each tube was flamed thoroughly to sterilize at least one inch of the 
uppermost surface of the tube. All test tubes used were uniform in size and 
thickness, measuring 13 x 100 mm, with an 0.8 mm wall. The tubes were 
then rubber-stoppered and plunged into the water bath, covering the tube 
to 14-inch of the stopper. At the end of the heating period, the tubes were 
immediately transferred to an ice-water bath. 

Viruses in M Mg** or M Ca** could be diluted tenfold and plated on mono- 
layers without toxic effect upon cells. Before plating undiluted virus-salt 
mixtures, these samples were dialyzed for 2 hours against cold running water 





to reduce the salt concentration. 


Results 


Effect of M Mg** or M Ca** on vacuolating agent (SV ,,) at 
50° C. SV,, was diluted in (a) M Mgtt, (b) M Ca** and (c) 
distilled water, to contain 10° PFU/ml. Samples were heated at 
50° C. for 5, 15, 30 and 60 minutes. As illustrated in Fig. 1, vacu- 
olating agent SV,, diluted in distilled water was remarkably 
stable at 50° C. for 60 minutes, with loss of only a small percent- 
age (5%) of virus. However, the agent diluted in M Mg** or 
M Ca** lost 90% of its infectivity after 5 minutes at 50° C. in 
either of these cations. After 15 minutes at this temperature, SV,, 
was not detectable in the Mg++ or Ca++ samples. When stored 
in M Mg++ or MCa*+*+ at room temperature (25° C.), there 
was a slight loss in infectivity after one hour. However, at 2M 
concentration, inactivation of vacuolating virus proceeds rela- 
tively rapidly even at 25° C. 

Effect of cations on mixtures of poliovirus and vacuolating 
agent SV,,. Type 1 attenuated poliovirus was mixed with equal 
volume of SV,, so as to contain 10’ and 10° PFU/ml, respectively. 
This virus mixture was diluted with equal volume of (a) 2 
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Fic. 1. Enhanced inactivation of SVs by M Ca** or M Mg** at 50° C. SVw 
was diluted to contain 10° PFU/ml in molar concentration of divalent cation. 


M Mg++ and (b) distilled water. Samples were heated at 50° C. 
for 5, 30, and 60 minutes. 

Fig. 2 shows that the poliovirus was stabilized by MgCl, for 
60 minutes at 50° C. without any detectable loss, in contrast to 
its lability in water. This is represented by the “M Mg++” and 
“H,O” curves, respectively. Titrations on rhesus cells resulted in 
plaques that formed between the 2nd and 3rd day, and were 
counted as polio plaques, since SV,, did not produce plaques on 
rhesus cells. 

A sample of the virus mixture diluted in water was treated 
with a pool of Type 1 polio sera free of vacuolating agent anti- 
body. The sample was then titrated in grivet cells and SV,, 
plaques formed between the 10th and 14th days. 
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Fic. 2. SVw and poliovirus (attenuated Type 1) mixed to contain 10° and 
10° PFU/ml, respectively. Mixed virus suspension diluted with equal volume 
of (a) 2 M Mg”, (b) distilled H,O. Detection of surviving poliovirus was 
made by plating on rhesus monkey kidney cells, and counting PFU develop- 
ing in 2 to 3 days. SV» was detected by neutralizing poliovirus with a pool of 
Type 1 polio antisera (free of vacuolating virus antibody), and plating on 
a green monkey kidney cells. SV. plaques were read between the 11th- 

ays. 
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In Fig. 2, the stability of SV,, diluted in water at 50° C. for 1 
hour is represented by the curve labeled “H,O + polio 1 sera.” 
The enhanced inactivation of vacuolating agent SV,, is repre- 
sented by the “M Mg++ + polio 1 sera” curve. There was a 
loss of 90% infectivity after 5 minutes at 50 °C., with no detect- 
able infectivity at 30 minutes. 
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Discussion 


Currently, the problem of producing either live poliovirus vac- 
cines or formalinized vaccines is complicated by the presence of 
extraneous viruses of the vacuolating virus type (SV,,). The 
stabilizing effect of M Mgtt+ or M Ca** in preventing the in- 
activation at 50° C. of poliovirus (a ribonucleic acid-containing 
virus), and the opposite effect of these divalent cations on vacuo- 
lating virus (a deoxyribonucleic acid-containing virus), affords 
a solution to this problem. Thus preparations which contain the 
desired poliovirus in the course of manufacturing vaccine, but 
which also contain the contaminant vacuolating virus, can be 
freed of infective vacuolating virus. By adding 1 or 2 M MgCl., 
heating at 50° C. for 1 hour, and then cooling to 4° C., the vacuo- 
lating virus can be inactivated without affecting the poliovirus. 
The resulting polio vaccine product containing the molar cation 
is stable at 4° C. for at least several months (6), and needs no 
further preservative because of the bacteriocidal and bacterio- 
static effects of the cation at this molarity (7). 


Summary 


The use of 1 to 2 molar MgCl, is described as a means of 


stabilizing poliovirus suspensions at 50° C. while inactivating 
viruses of the vacuolating virus type which may be present as 
contaminants in the same suspension. 
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NOTE 


A NEW MOUSE STRAIN SUSCEPTIBLE 
TO MAMMARY CANCER 


ALFRED TAYLOR AND GEORGE F. McKENNAaA? 


Animals susceptible to cancer are a necessity for most investi- 
gations of the cancer problem. It is especially important to have 
available animals characterized not only by a high incidence of 
spontaneous tumors but which are also resistant to noncancerous 
diseases. The C3H mouse strain developed originally by Dr. L. C. 
Strong at Yale University certainly qualifies on the basis of sus- 
ceptibility to spontaneous mammary cancer, but it does tend to 
have a low resistance to Salmonella infection. Nevertheless this 
strain has proved to be most valuable in cancer research and is 
used in numerous laboratories. 

A C3H line of mice, originally obtained from Dr. Andervont, 
of the National Cancer Institute, has been maintained in our lab- 
oratory by brother x sister mating for more than fifteen years. 
About ten years ago a mutant occurred in our C3H colony which 
differs in a number of characteristics from the source stock. These 
mice qualify as an inbred strain in accordance with the standards 
set up by The Committee on Standardized Genetic Nomenclature 
for Mice (1) since they have been maintained by brother x 
sister matings for more than twenty generations. This new mouse 
strain has been designated C3HBL, since it is a black variant of 
the original C3H line. However, change in color has been accom- 
panied by differences in some other characteristics. The new 
mouse, in relation to the source strain, is characterized by in- 
creased disease resistance, a slightly heavier body and greater ac- 
tivity. Susceptibility to the spontaneous development of mam- 
mary adenocarcinoma is equal to that of our C3H mice. There is 
also present in this new strain an increased tendency towards the 
development of multiple mammary tumors, and the growth of the 


spontaneous tumors is more rapid than is true for the tumors oc- 


curring in our C3H mice. 


4 From the Clayton Foundation Biochemical Institute, The University of 
Texas, Austin. Submitted for publication March 10, 1961. 
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The new strain is slightly heavier at all ages as compared with 
the C3H mice, and when kept in cages which do not permit exer- 
cise, obesity is frequent. Weight averages for the two strains at 1, 
5 and 10 months of age, in grams, are for the C3H: 17.5, 26.2 
and 32.0; and for the C3HBL: 18.5, 30.6 and 35.1. The average 
age at which spontaneous mammary tumors develop is about the 
same for the two strains. Tumors appeared in virgin C3H and 
C3HBL at 51 and 53 weeks, and for breeders the figures were 33 
and 34 weeks respectively. The total incidence of mammary 
adencarcinoma ranges from 88 to 95% for both of these mouse 
strains in our colonies. 

The two strains have been tested for their reaction to the use of 
a voluntary exercise wheel. The C3HBL strain, using both males 
and females, exercised about 20% more per day in tests of 5 days 
duration as compared with C3H males and females, Also, the 
C3HBL mice are comparatively difficult to restrain for injection. 

For cancer research requiring a mouse with high incidence of 
spontaneous mammary tumors, good resistance to disease, and 
which breeds readily, the C3HBL strain may in some instances 
be preferable to the source C3H strain. 
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Vic C43H mice from our colony 
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FEBRUARY, 1961 


Anesthesia: H Abramson edits important volume on Resuscitation of the New- 
born Infant (CV Mosby, St Louis 3, Mo, 1960, 274pp, $10). VJ Collins gives 
Fundamentals of Nerve Blocking (Lea & Febiger. Philadelphia 6. 1960. 
354pp. 144 illus $9.5). FT Evans & C Gray well edit General Anesthesia, Vol 
1 on basic principles; Vol 2 on techniques, special fields & hazards (Butter- 
worth, Washington 14, DC, Vol 1, 1960, 545pp, Vol 2, 443pp, 192 illus, $19.5). 
LM Monheim describes General Anesthesia in Dental Practice (CV Mosby. 
St Louis 3, Mo, 1960, 461 pp, 114 illus, $10). RM Smith writes Anesthesia for 
Infants & Children (Mosby, St Louis, 1960, 418pp, 182 illus, $12). 
Carbon-Dioxide: Note significant symposium edited by JC Eckenhoff, cover- 
ing reviews of biological role, production, storage, transport & removal from 
mammalian bodies, relation to body systems & to anesthesia (Anesthesiol 
21/585-766/60). A Pirson revises Vol 5, Handbuch de Pflanzephysiologie, on 
The Assimilation of Carbon-Dioxide, with 70 contributions (Springer, W 
Berlin, 1960, 1882pp, 640 illus, DM 530). 

Cardiovascular: F Allodi makes comprehensive survey of cardiac biology in 
Cardiobiologia (LS Olschki, Firenze, Italy, 1960, 988pp, 154 illus, 10,000 
lire). I Welt compiles monumental I/ndezx-Handbook of Cardiovascular 
Agents, giving references to actions of all cardiovascular chemicals arranged 
both by actions & by agents; the 1st issue covering 13,427 reports from 1950 
to 1955, National Academy Sciences, Washington, DC, 1960, 1623pp in 2 
pts. $15; Vol 1 for 1931-50. & Vol 3 for 1955-1960 will appear during next 
2 years, & then annually. 

General: WO Fenn offers front seats for biologists (AJBS Bull, 10/13/60); 
PC Clark sketches background & gives pleasant accounts of Pioneer Micro- 
biologists of America (Univ Wisconsin Press, Madison, 1961, 383pp. 38 
portraits, $6). R Marx well considers The Health of the Presidents (GP 
Putnam’s Sons, New York, 1961, 238pp. $5). W Rubin edits interesting 
symposium on culture, society & health, in which R Fernandez-Marin & VM 
Eckhardt of Puerto Rico describe schizophrenogenesis by symbolic logic (Ann 
NY Acad Sci, 84/783-1060/Dec 8/60). 

Preclinical: BB Brown analyses central nervous system drug action in mice 
(Arch Internat Pharmacody Therap, 128/391/60). AS Gordon & Co discuss 
humoral regulation of leucocyte number (7rans NY Acad Sci, series U1, 
231/39/60). DE Greea & Y Hatefi discuss energy transduction by mito 
chondria in cells (Science 133/13/Jan 6/60). SE Jacobs & Co sympose on 
chemical disinfection. (J. Pharm Pharmacol, Suppl Vol 12, 9T-40T, Dec/60). 
R Katzman asks if glia are high sodium cells in discussing electrolyte distri 
bution in mammalian central nervous system (Neurology 11/27/61). LP 
Lipchina & Co find inhibitors of free radical reactions (like propylgallate) 
inhibit mitosis in human cancer cells (Doklady Biol Sci Sect, 131/204/60). 
B Metz discusses brain acetylcholine enzyme system in respiratory control 
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(Neurology 11/37/61). LA Rapoport & RG Kostyenovskii discuss mutagenic 
activity of organic phosphate inhibitors of cholinesterase (Doklady Biol Sci 
Sect, 131/246/60). EL Way & TK Adler describe metabolism of morphine & 
its relative (Pharmacol Rev, 12/383/60). EK Zhukov & EB Kossovaskaia 
honor 75th birthday of AN Krestovnikov by arranging symposium on 17 
articles on physiology of exercise & work (Sechenov Physiol J USSR 46/907- 
1041/60). RD Zilversmit & Co note plasmalogen in human blood platelets 
(J Biol Chem, 236/47 /61). 

Clinical: H Friebel & S Sommer note aryl-sultam compounds are anti-con- 
vulsive & sedative, one (“‘Ospblot”!) useful in epilepsy (Deutsch Med Wchn- 
schr, 85/2192/Dec 9/60). F Hahn surveys analeptic drugs (Pharmacol Rev, 
12/447/60). S Margolin finds carisoprodol 5 times as active as aspirin in 
raising tooth-pain threshold (Proc Soc Exp Biol Med, 105/531/60). CA Nau, 
J Neal & VA Stembridge report on physiological effects of carbon black 
(Arch Environ Med, 1/512/60). RE Olson & Co find evidence for defect in 
tryptophan metabolism in chronic alcoholism, confirming RJ Williams’ ideas 
(New Eng J Med, 263/1069/Dec 8/60). G Rooth & Co discuss CO, tension & 
acid-base balance of amniotic fluid (Amer J Obs Gyn, 81/1,4/61). H Selye & 
Co note excessive stimulation of salivary gland growth by isoproterenol 
(Science 133/44/Jan 6/61). JH Sheldon describes natural history of falls in 
old age (Brit Med J, 2/1685/Dec 10/60). CA Swinyard edits symposium on 
Role of Erythroblastosis & Kernicterus in Cerebral Palsy (CC Thomas, Spring- 
field, Ill, 1961, 296pp, 41 illus, $10). 


MARCH, 1961 


Brain & Behavior: JA Altman & AM Marnseva study electrical responses 
of acoustic system to consecutive sound stimuli (Doklady Akad Nauk 
USSR, 135/1546/60). F Flach & PF Regan describe Chemotherapy in Emo- 
tional Disorders (McGraw-Hill, New York 36, 1961, 341pp, $10). E Harms 
edits conference on psychology of thinking, including theoretical aspects, 
measurement & creativity (Ann NY Acad Sci, 91/1-151/Dec 23/60). A 
Hoffer & H Osmond approach The Chemical Basis of Clinical Psychiatry 
(CC Thomas, Springfield, Ill, 1961, 277pp, $8.5). WS McCullough edits im- 
portant & keen conference on Human Decisions in Complex Systems, with 
significant section on the reticular formation (Ann NY Acad Sci, 89/715-896/ 
Jan 28/61). E Roberts & Co edit Inhibition in the Nervous System & Gamma- 
Aminobutyric Acid, which could be vice-versa (Pergamon Press, New York, 
1960, 591pp, $15). DE Sheer edits discussion on Electrical Stimulation of the 
Brain, considering ways to study problems in neurobehavioral integration 
(University of Texas Press, Austin, 1961, 524pp, $17.5). P Solomon edits im- 
portant & revealing symposium on Sensory Deprivation (Harvard Univ Press, 
Cambridge, Mass, 1961. 253pp, $6). J Vernon & TE McGill find that sensory 
deprivation lowers threshold for pain sensation in humans (Science 133/330/ 
Feb 3/61). 

Cardiovascular: AA Bagdonas & Co note effects of ischemia & Hypoxia on 
cardiac conducting system (Am Heart J, 61/206/61). RA Caldwell & EW 
Skipper report on pulseless disease (Brit Heart J, 23/53/61). DFJ Halmagy 
& HJH Colebatch report effects of bretylium tosylate on pulmonary circula- 
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tion (Circula Res, 9/136/61). BF Hoffman & Co discuss concealed cardiac 
conduction (Circula Res, 9/194/61). GM Maxwell & Co describe action of 
3-hydroxytyramine (dopamine) on cardiovascular hemodynamics (Arch 
Internat Pharmaco, 129/62/60). JW Remington & CH Baka evaluate blood 
volume measuring methods (Circula Res, 9/60/61). OS Tjong & AP Ver- 
haught study human central & peripheral arterial pressure pulses (Cardiol 
37/361/61). MW Wheat & TH Burford extend indications for digitalis in 
surgery (J Thorac Cardiovasc Surg, 41/162/61). Y Yoshitoshi & Co report on 
cardiac lesions in thiamine deficiency (Jap Heart J, 2/42/61). 

Clinical: WD Alexander & SK Bisset correlate thyroid function with oxygen 
uptake of human leucocytes (Quart J Exp Physiol, 46/46,50/61). HN An- 
toniades considers the state & transport of insulin in blood (Endocrin 68/7/ 
61). GJ Fruchman analyses mobilization of neutrophile (Trans. NY Acad Sci, 
Ser II, 23/30/60). T Hughes calls attention to “growing down,” a neglected 
aspect of ageing (Pract, 186/241/61). K Hyllested edits conference on geo- 
medical aspects of multiple sclerosis (Suppl 147, Vol 35, Acta Psych Neurol 
Scand, 1960, 155pp). H Koprowski surveys problems of virus etiology of 
cancer (Schweiz Med Wchnschr, 91/34/Jan 14/61). GW Lohr & HD Waller 
report on biochemistry & pathogenesis of enzymopenic hemolytic anemia 
(Deutsch Med Wchnschr, 86/87/Jan 13/61). CE Lumsden relates auto- 
immunity to multiple sclerosis (Proc Roy Soc Med, 54/1-48/61). G Mchardy 
introduces serialized book on Current Gastroenterology (Am J Digest, 6/28- 
98/61). F Moya & Co find succinylcholine fails to pass placenta (Anesth, 
22/1.7,11/61). WD Obrist & Co note diffuse slow EEG abnormalities in old 
psychiatric patients with low blood pressure (Neurol, 11/151/61). FH Smirk 
reviews recent progress in hypertensive therapy (Am Heart J, 61/272/61). 
WG Smith notes anti-anaphylactic action of ethanolamine & choline (J 
Pharm Pharmacol, 13/1/61). JH Talbot & KL Terplan consider kidneys in 
gout (Medicine 39/405/60). HL Welsh & M Ede recommend cyproheptadine 
orally for pruritis (J New Drugs 1/22/61). 

More New Books: EM Blick edits Trauma in the Aged with comprehension 
& skill (McGraw-Hill, New York 36, 1961, 524pp, $16). RD Eastham gives 
Biochemical Values in Clinical Medicine: The Results Following Pathological 
or Physiological Change (Williams & Wilkins, Baltimore, 1961, 144pp, $3.75). 
I Galdston reviews Human Nutrition: Historic & Scientific (International 
Universities Press, New York, 1961, 338pp, $6). A Hottinger & H Berger 
edit Renal Function & Kidney Disorders in Childhood (S Karger, Basle, 1960, 
571pp, 176 illus, $25). R McKeown tells well about Pioneers in Mental Health 
(Dodd Mead, New York, 1961, 328pp, $3.25). CD Ratnoff discusses Bleeding 
Syndromes: A Clinical Manual (CC Thomas, Springfield, Ill, 1961, 287pp. 
$8.5). Of prime interest in drug design in FW Schueler’s keen Chemobio- 
dynamics & Drug Design (McGraw-Hill, New York 36, 1961, 638pp, 110 
illus, $1915). NB & AE Taylor edit The Putnam Medical Dictionary (GP 
Putnam’s Sons, New York, 1961, 993pp, 100 illus, $5). 


APRIL, 1961 


A Plethora of Books; AC Aisenberg discusses The Glycolysis & Respiration 
of Tumors (Academic Press, New York 3, 1961, 236pp, $6). HJB Atkins 
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describes Tools of Biological Research (CC Thomas, Springfield, Ill, Vol 1. 
1959. 200pp, 200 illus, $8; Vol 2, 1961, 284pp, 180 illus, $10). FC Barter 
edits The Clinical Use of Aldosterone Antagonists, as Diagnostic Tools, in 
cirrhosis, ascites, cardiac failure & edema (CC Thomas, Springfield, Ill, 1960, 
224pp. 112 illus. $5). RW Begg & Co edit Canadian Cancer Conference Vol 
4 on Biochemistry in Cancer Research, Cell Behavior, Viral carcinogenesis, 
& chemotherapy (Academic Press, New York 3, 1961, 600pp, $12). J Brachet 
gives Weizmann Lecture on The Biological Role of Ribonucleic Acids (D 
Van Nostrand, Princeton, NJ. 1960, 144pp. $5). Cold Spring Harbor Sym- 
posium in Quantitative Biology, Vol 25, is on Biological Clocks (Biological 
Laboratory, Cold Spring Harbor, NY, 1960, 524pp. $12). FM Foster edits 
Evaluation of Drug Therapy (University of Wisconsin Press, Madison, 1961, 
191pp, $4). PS Larson, HB Haag & H Silvette offer comprehensive treatise 
on Tobacco: Experimental & Clinical Studies (Williams & Wilkins, Balti- 
more. Md. 1961, 944pp. $20). ROK Schade gives keen discussion with atlas 
on Gastric Cytology: Principles, Methods & Results (EC Arnold, London, 
1960. 83pp. 85 illus, $8). DE Sheer edits 56 contributors to study of neuro- 
behavioral problems in Electrical Stimulation of the Brain (Univ Texas 
Press, Austin. 1961, 747pp, $17.5). S Shoshan (of Israel) translates collection 
of undocumented studies on Evolution of Physiological Functions, dedicated 
to L Orbeli by Academy of Sciences USSR (National Science Foundation. 
Washington, DC. 1960, 162pp, $1.75). L Smith & Co describe Pain Patterns: 
Sites & Behavior of Pain in Common Diseases of the Upper Abdomen (CC 
Thomas, Springfield, Ill, 1960, 64pp. 112 illus, $12.5). LJ Soffer & Co get 
into The Human Adrenal Gland (Lea & Febiger, Philadelphia 6, Pa, 1961. 
600pp. 74 illus, $15). A Towbin analyzes The Pathology of Cerebral Palsy: 
The Causes & Underlying Nature of the Disorder (CC Thomas, Springfield, 
Ill, 1961. 206pp, $8). A Wernli-Hassig edits Invaliditat & Rehabilitation (S 
Karger. Base] & New York, 1961. 184pp, SFr 30). L Zechmeister edits Vol 17, 
Progress in the Chemistry of Natural Products (Lange & Springer. Berlin- 
Wilmersdorf. 1960, 610pp, $24.5). 

Clinical: AM Asatoor & DNS Kerr discuss amines in blood & urine in rela- 
tion to liver disease (Clin Chim Acta 6/149/61). K Baligh & K Lelkes study 
the tongue in old age (Gerontol Clin, 3/38/61). LA French edits symposium 
in neurosurgery honoring WT Peyton of Minneapolis (Journ Lancet, 92/4%/ 
61). RJG Fillespie & CC Lucas study effects of ethanol on gastric mucosa, 
hepatic lipids & cirrhosis (Canad J Biochem Physiol, 39/237, 243, 249/61). 
EF Hartung reviews use of colchicine & analogs in gout (Arthr Rheumat. 
4/18/61). R Gaunt & Co discuss endocrine pharmacology (Science 133/613/ 
Mch 3/61). TW Langfitt discusses mechanism of action of hypertonic urea 
solutions in reducing intracranial pressure (Neurol, 11/196/61). J Lynglye 
& EF Mogenson study estrogen metabolism in women with liver cirrhosis 
(Acta Endocrin. 36/350/61). J Miller & A Fishman find serotonin antagonist. 
cyproheptadine. effective in relieving allergic hay-fever, urticaria & head- 
ache (Ann Allergy, 19/164/61). W Modell discusses clinical pharmacology 
of digitalis glycosides (Clin Pharmacol Therap, 2/177/61). HL Price re- 
views circulatory actions of genera] anesthetics (ibid, p163). J Rumford makes 
mortality studies in relation to air pollution (Amer J Pub Health, 51/165/61). 
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HA Selenkow & FM Callaco review clinical pharmacology of antithyroid 
compounds (Clin Pharmacol Therap, 2/191/61 with 197 references). AI 
Sherman notes radiation resistance in treating cervical cancer (Am J Roentg. 
85/466/61). CJ Smith & OB Gunn survey vasculitis, mast cells & collagen 
diseases (Arthr Rheumat, 4/1/61). JEC Walker & RE Wells review heat & 
water exchange in respiratory tract (Am J Med, 30/259/61). 

Preclinical: E Aaes-Jorgensen discusses essential fatty acids (Physiol Rev, 
41/1/61). R Fontaine & Co note variations in metabolism of arterial walls 
in aging (J Cardiovasc Surg, 1/236/61). IB Fritz surveys mammalian fatty 
acid oxidation & synthesis (Physiol Rev, 41/52/61). F Heimets & A Hersch- 
man consider effects of superimposed electric & magnetic fields on biological 
systems & electrolytes (Physics Med Biol, 5/271/61). LE Hollister reports 
clinical, biochemical & psychological effects of psilocybin (Arch Internat 
Pharmaco, 130/42/61). J Roberts & W Modell note effect of catecholamines 
on cardiac rhythmicity (Circula Res, 9/171/61). W Salser discusses non- 
genetic biological information mechanisms (Persp Biol Med, 4/177/61). MF 
Vasiliev correlates nervous system type with vascular reflexes in babies 


(Doklady Akad Nauk USSR, 136/734/61). 


MAY, 1961 


Basic Material: B Anersson & S Larsson analyse pharmacological control of 
hunger & thirst (Pharmacol Rev, 13/1/61). TD Brock goes into chloram- 
phenicol (Bact Rev, 25/32/61). JL Butterfield & JA Richardson show guan- 
ethidine increases cardiac contractility with depletion of cardiac norepin- 
ephrine content (Proc Soc Exp Biol Med, 106/259/61). J Dobbing surveys 
the “blood-brain barrier” (Physiol Rev, 41/130/61). H Duner & Co ask if 
urinary excretion of imidazole acetate reflects histamine metabolism in 
humans (Acta Physiol Scand, 51/41/61). MV Edds edits Macromolecular 
Complexes (Ronald Press, New York 10, 1961, 269pp, 107 illus, $7). N 
Emmelin discusses pharmacological denervation (Pharmacol Rev, 13/17/61). 
AP Fishman analyses regulation of pulmonary circulation by respiratory 
gases (Physiol Rev, 41/214/61). WH Fishman neatly summarizes Chemistry 
of Drug Metabolism (CC Thomas, Springfield, Ill., 1961, 252pp, $6). SJ 
Freedman & Co sympose on sensory deprivation with facts hunting theory 
(J Nerv Ment Dis, 132/17-44/61). WJ Gardner suggests blood-brain barrier 
expresses lack of interstitial spaces in ectodermal tissue (Persp Biol Med, 
4/169/61). W Grab considers pharmacological aspects of wines & spirits 
(Arzneimittelforschung 11/73/61). G Hollunger, in studying metabolism of 
lidocaine, describes amide hydrolyzing microsomal enzyme (Acta Pharmacol 
Tozicol 17/356, 365, 373, 384/61). J Holubar & J Ipser edit Electrophysio- 
logical Methods in Biological Research (Czechoslovak Academy of Sciences, 
Prague, 1960, 515pp). S Jablowski & RM Leonard compile informative Rus 
sian Drug Index (National Library of Medicine, Washington 25, DC, 1961, 
109pp, $0.6). DE Koshland edits Protein Structure & Function (Brookhaven 
Nat Lab, Upton, NY, 1961, 266pp, $2.5). VG Longo offers Effect of Drugs 
on the Electrical Activity of Rabbit Brains, an EEG atlas (D Van Nostrand, 
Princeton, NJ, 1961, 605pp, 495 illus, $20). EW Poole studies relation of 
nervous activity to respiratory cycle (Nature, 189/579/Feb 18/61). JH & 
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DMJ Quastel well analyse 524 reports on The Chemistry of Brain Metabolism 
in Health & Disease (CC Thomas, Springfield, Ill, 1961, 182pp, $5). RC 
Read & JA Vick note cholinergic-like effects of hypertonic solutions (Am J 
Physiol, 200/233/61). GK Smelser edits good symposium of Congress of 
Anatomists on The Structure of the Eye (Academic Press, New York, 1961, 
570pp, $15). H Winterstein considers intracranial chemoreceptors (Pharma- 
col Rev, 13/71/61). 

Clinical: WC Alvarez sympathetically describes Minds That Came Back, 
with annotated bibliography of 350 autobiographical accounts (JB Lippin- 
cott, Philadelphia, 1961, 384pp, $6). P Bailey riggs an interview on ego 
ideals, with illustrations & plea for religious sympathy (Persp Biol Med, 
4/199/61). J Garland & J Stokes edit The Choice of a Medical Career: Essays 
on the Fields of Medicine (JB Lippincott, Phila, 1961, 241pp, $5). F Glenn 
edits symposium on circulatory system in surgery (Surg Clin N Amer, 41/ 
265-532/61). I Hieger discusses Carcinogenesis (Academic Press, London 
SW 1, 1961, 138pp, 35S). DS Howell & Co advise against use of polyvinyl 
alcohol as a pliable prothesis in human surgery because it induces mineral 
deposition (Proc Soc Exp Biol Med, 106/317/61). RA Kuhn offers New Hope 
for Stroke Victims (Appleton-Century-Croft, New York 1, 1961, 206pp, $4). 
HD Levine advises on Cardiac Emergencies & Related Disorders (Appleton- 
Century, New York 1, 1961, 368pp, 45pp illust, $12). DW Mulder & Co 
discuss neuropathies in diabetes mellitus (Neurol 11/275/61). FC Reubi opens 
Ciba international symposium on Essential Hypertension, with neat review 
by IH Page of his mosaic theory of its etiology (Springer, Berlin, 1960, 398pp, 
DM 56). RP Schmidt introduces conference on vascular disease of the brain 
(Neurol, Vol 11, No 4, Pt 2, 176pp). H Selye & Co show thallium acetate 
potentiates dihydrotachysterol calcinosis in aorta, kidney & injured skin (Proce 
Soc Exp Biol Med, 106/408/61). RL Swank considers a Biochemical Basis 
for Multiple Sclerosis (CC Thomas, Springfield, Ill, 1961, 100pp, 23 illust, 
$5). Note symposium on effective medical writing by masters therein (New 
Physician, March, 1961). GEW Solstenholme & CM O’Conner edit Haemo- 
poieses: Cell Production & Its Regulation (Little Brown, Boston, 1961, 490pp, 
$11). 


General: I Asmov explains Words from the Myths (Houghton Mifflin, Boston, 


1961, 225pp, $3). WO Fenn introduces symposium on biological communica- 


tions, dealing with theory, structure, function & management (Biol Abst, ~ 


Vol 36, No 7, svii-xxvi, April 1/61). W Gerlach considers J Kepler (1571- 


1630) in relation to ethics of research (Naturwisch, 48/85/61). OS Hayward ~ 
tells wel! of Nathan Smith (1782-1829), great teacher (Conn Med J, 24/ ~ 


553/60; New Eng J Med, 263/1235, 1288/Dec 15, 22/60). EB Hague opens 
discussion on development of microscopy (New York State J Med, 61/430- 


454/61). AV Hill well discusses The Ethical Dilemma of Science & other ~ 


e 


te 


matters (Rockefeller Inst Press, New York, 1960, 395pp, $7.5). R Kervan ~ 


tells of Laennec: His Life & Times (Pergamon Press, London, 1960, 223pp, | _ 
21S). See LL Strauss’ review of CP Snow’s Science & Government (Harvard = 


Press, 1961, 88pp, $2.5) in Apr 2 NY Times Book Section. 


Cuauncey D. LEAKE 











